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QUALITATIVE CHEMICAL ANALYSIS 

Part I 
THE METALS OR CATIONS 



CHAPTER I 



Introduction 



1. The course of instruction followed in this manual 
presupposes that the student has already a fair knowledge 
of the fundamental principles of physical and chemical theory. 
He should be familiar also with the simple operations of Solu- 
tion, CrystaUization, Neutralization, Precipitation, Filtration, 
Decantation, Washing, Evaporation, Distillation, Ignition, 
Sublimation, Fusion and Deflagration, and must become 
familiar with the use of the blowpipe. 

2. The apparatus required by each student is as 
follows: 

One Ring-stand with two or more Rings. 
■ One Iron Tripod. 
One Bunsen Burner with rubber tubing. 
One Blowpipe Tube for Bunsen Burner. 
One Blowpipe. 
One Stoddart's Clamp. 
Two Pieces of Wire Gauze. 
One Triangular File. 
One Rat-tail file. 
One Piece of Wood Charcoal, 
One Piece of Platinum Foil, l}4 inches square. 
One Piece of Platinum Wire, 3 inches long mounted in a 

glass rod. 
One Piece of Cobalt glass. 
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One small Mortar and Pestle. 
Two' Porcelain Evaporating Dishes. 
Three 2-inch Glass Funnels. 
Twelve Test-tubes, % x 6 inches. 
One Wooden Test-tube Rack. 
Two Test-tube Brushes. 
Three Glass Beakers, 150 Cc. 
Two Watch-glasses, 2 inch. 
One Hydrogen Sulphid Generator. 



One Wash-bottle. 
One Glass Spatula. 
One Porcelain Crucible. 
Pour Glass Rods, 8 inches 

long. 
Filter-papers, 3 inches. 
One Pipestem Triangle. 



One Water-bath. 
Hard Glass Tubing. 
One Calcium Chlorid Tube. 
One Piece White Wax. 

One Small Porcelain Boat. 
One Aspirating Apparatus. 



3. Substances which indicate the presence of other 
substances by some striking phenomena, such as a change in 
color, liberation of a gas, formation of a precipitate, are known 
as "Reagents.'* The following list includes the substances 
and solutions needed for the work as outlined in this manual. 



^Chlorin 



Alcohol, Ethyl, 95% 
Carbon Disulphid 
Chloroform 



GASES 



♦Hydrogen Sulphid 



LIQUIDS 



SOLVENTS 



Ether 
Glycerin 
Water, Distilled 



SOLUTIONS 



Acid, Acetic, Dil., 34.6% 



Acid Hydrochloric, 10% 



41 
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♦Chloroplatinic, 10.3 Gm. in 
100 of Water 

Hydrochloric, Cone, S/G., 
1.2 (38%) 

Hydrochloric, Cone, Arsenic- 
free 



tt 

II 
tt 
tt 



Nitric, Concentrated, S/G., 

1.42 (69.8%) 
Nitric, 32.3% 
Oxalic, 126 Gm. to 1 L. 
Sulphuric, Concentrated, S/G., 

1.84 (96%) 



♦See page 21. 



SEAGENTS 



19 



«i 



it 



ti 



ti 



Add Sulphuric, 24.8% 

Sulphurous (Sat. Sol. of SOi) 
Tartaric, 150 Gm. to 1 L. 
Albumin 

Alcohol, Ethyl, 50% 
^Ammonium Acetate 

Aluminium Sulphate, 

59 Gm. to 1 L. 
♦Carbonate 
Chlorid, 107 Gm. to 

IL. 
Hydroxid, 28% and 

10% 
*Molybdate 
Nitrate, 160 Gm. to 

IL. 
*Polysulphid 
Oxalate, Sat. Sol. 
Sulphate, 132 Gm. to 
IL. 
♦Sulphid 
Antimony Chlorid, 26 Gm., 250 Cc. 

HCl, Water to 1 L. 
Baritun Chlorid, 122 Gm. to 1 L. 
Hydroxid, Sat. Sol. 
Nitrate, 65 Gm. to 1 L. 
Bismuth Chlorid, 26 Gm. to 1 L. 
** Nitrate, 40 Gm. to 1 L. 
Borax, 96 Gm. to 1 L. 
Bromin Water, Sat. Sol. 
Cadmium Nitrate, 77 Gm. to 1 L. 

Sulphate, 64 Gm. to 1 L. 
Calcium Chlorid, 56 Gm. to 1 L. 
Hydroxid, Sat. Sol. 
Sulphate, Sat. Sol. 
Chlorin Water, Sat. Sol. 
Chromitun Chlorid, 39.5 Gm. to 1 L. 
Cobalt Nitrate, 36 Gm. to 1 L. 

" Sulphate, 32 Gm. to 1 L. 
Copper Sulphate, 63 Gm. to 1 L. 
Ferric Chlorid, 90 Gm. to 1 L. 
Ferrous Chlorid, 63 Gm. to 1 L. 

♦Sulphate 
Gold Chlorid, 1 Gm. to 1 L. 
Hydrogen Dioxid, 3% 
Lead Acetate, 190 Gm. to 1 L. 

" Nitrate, 165 Gm. to 1 L. 
Lithitun Chlorid, 4.3 Gm. to 1 L. 



i< 
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♦Magnesia Mixture 

Magnesium Sulphate, 61.5 Gm. to 

IL. 
Manganese Chlorid, 31 Gm. to 1 L. 
* * Sulphate, 56 Gm. to 1 L. 

Mercuric Chlorid, Sat. Sol. 
Mercurous Nitrate, 70 Gm. to 1 L. 
♦Nessler's Reagent 
Nickel Chlorid, 32 Gm. to 1 L. 

Sulphate, 70 Gm. to 1 L. 
Potassium Acetate, 98 Gm. to 1 L. 
Aluminium Sulphate, 59 

Gm. to 1 L. 
Bromid, 20 Gm. to 1 L. 
Carbonate, 207 Gm. to 

IL. 
Chlorate, 20.5 Gm. to 

IL. 
Chlorid, 37 Gm. to 1 L. 
Chromate, 97 Gm. to 

IL. 
Cyanid, 33 Gm. to 1 L. 
Dichromate, 49 Gm. to 

IL. 
Perrocyanid, 105 Gm. to 

IL. 
Ferricyanid, 110 Gm. to 

IL. 
Fluorid, 58 Gm. to 1 L. 
Hydroxid, 140 Gm. to 

IL. 
lodid, 17 Gm. to 1 L. 
Nitrate, 101 Gm. to 1 L. 
Nitrite, fresh, 250 Gm. 

tolL. 
Permanganate, 3.3 Gm. 

to 1 L. 
♦Pyroantimoniate 
Potassium Sodium Tartrate, 141 
Gm. to 1 L. 
Sulphate, 44 Gm. to 1 L. 
Sulphid, 27.5 Gm. to 1 L. 
Thiocyanate, 97 Gm. to 
IL. 
Silver Nitrate, 34 Gm. to 1 L. 
Sodium Acetate, 136 Gm. to 1 L. 

Bicarbonate, 150 Gm. to 
IL. 



tt 



it 



tt 



it 



tt 



tt 
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*See pages 21, 22. 
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Sodium Bitartrate, Sat. Sol. 
Carbonate, Sat. Sol. 
Chlorid, 29 Gm. to 1 L. 
Citrate, 98 Gm. to 1 L. 
*Cobaltic Nitrite 
Fluorid, 42 Gm. to 1 L. 
(Di)** Hydrogen Arsenate, 104 
Gm. to 1 L. 
' ' Metarsenite, 130 Gm. to 1 L. 
(Di)" Hydrogen Phosphate, 119 
Gm. to 1 L. 
Hydroxid, 110 Gm. to 1 L. 
Hypochlorite, 37 Gm. to 1 L. 
Hypophosphite, 53 Gm. to 

IL. 
Metaphosphate, 102 Gm. 
to IL. 



II 



II 



II 



II 



Sodium Pyrophosphate, 111.5 Gm. 
to IL. 
Silicate, Sat. Sol. 
Sulphate, 80.5 Gm. to 1 L. 
Sulphite, 63 Gm. to 1 L. 
Sulphid, 30 Gm. to 1 L. 
Thiosulphite, 124 Gm. to 
IL. 
•Solution of Indigo 
Solution of Litmus 
Stannic Chlorid, 33 Gm. to 1 L. 
•Stannous Chlorid 
Starch Paste 
Strontium Chlorid, 67 Gm. to 1 L. 

" Nitrate, 53 Gm. to 1 L. 

Zinc Chlorid, 31.5 Gm. to 1 L. 
Sulphate, 67 Gm. to 1 L. 



II 



SOLIDS 



Acid Citric 
" OxaHc 
" Tartaric 
Antimony Chlorid 
Ammonitun Aluminium Sulphate 
Chlorid 
Nitrate 
Oxalate 
Barium Acetate 
" Carbonate 
" Chlorid 
Bismuth Chlorid 
Nitrate 
Oxid (Bi,0,) 
Borax 
Cadmium Nitrate 

Sulphate 
Calcium Chlorid 
Chromium Chlorid 
Cobalt Nitrate 

" Sulphate 
Copper Sulphate 

" Foil, HXH inches 
Ferric Chlorid 
Ferrous Chlorid 

" Sulphate, crystals 
" Sulphid, coarse powder 
Gold Chlorid 



II 



II 



Lead Nitrate 

Lead Oxid, (PbO) 

Lithium Chlorid 

Litmus Papers, Red and Blue 

Magnesium Sulphate 

Manganese Chlorid 

Dioxid 

Sulphate 
Mercuric Chlorid 
Mercurous Nitrate 
Nickel Chlorid 

" Sulphate 
Platinic Chlorid 
Potassium Aluminium Sulphate 

Bromid 

Chlorate, crystals 

Chromate 

Cyanid 

Dichromate 

Fluorid 

lodid 

Nitrate 

Nitrite 

Sodium Tartrate 

Thiocyanate 
Silver Nitrate 
Sodium Acetate 

Bicarbonate 



II 



*See pages 22, 23. 



stannic Chlorid 

Oxid 
Stannous Chlorid 
Strontium Chlorid 
" Nitrate 

Tumeric Papers 
Zinc, granulated, Arsenic-free 
" sheet, J^ X J^ inches 

Chlorid 
Oxid 
' ' Sulphate 
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Sodium Carbonate, dry 

Citrate 

Chlorid 

Fluorid 
{pi)" Hydrogen Arsenate 
Metarsenite 
Hypophosphite 
Metaphosphate 
Nitrate 
Nitroprussid 
Sulphite 
Thiosulphate 

Chlorin Gas may be made by adding 18 parts of con- 
centrated Hydrochloric Acid to 5 parts of Potassittm Chlorate, 
just covered with a little water, and gently warming on a 
water-bath. 

Hydrogen Sulphid Gas is made by adding diluted 
Sulphiuic Acid to coarsely ground Ferrous Sulphid. 

Chloroplatinic Acid may be made by covering 4.9 
Cm, of clean metallic platinum with concentrated Hydro- 
chloric Acid, and adding Nitric Acid in very small portions at 
a time, gently heating on a water-bath until dissolved. Any 
black residue should be filtered out, the liquid then evaporated 
to syrupy consistency, and finally enough Water added to make 
100 Cc. {mils). 

Ammonium Acetate Solution may be made by mixing 
equal volumes of 34.6% Acetic Add and 10% Ammonium 
Hydroxid. 

Ammonium Carbonate Solution is made by dissolving 
195 Gm. of Ammonium Carbonate in 1000 Cc. {mils) of 10% 
Anmionium Hydroxid. 

Ammonium Molybdate Solution is made by dissolving 
75 Gm. of pure Ammoniiun Molybdate in 500 Cc. {mils) 
of Water; then pouring this solution into 500 Cc. {mils) of 
Nitric Acid (32.3 %) and shaking until the precipitate dissolves. 

Ammonium Sulphid, {NH^iS, Solution may be made 
by passing Hydrogen Sulphid into 200 Cc. (mils) of 28% 
Ammonitim Hydroxid, contained in a bottle which is immersed 
in running water or in ice water, until saturated; and then 
adding 200 Cc. {mils) more of the Ammonium Hydroxid and 
enough Water to make 1000 Cc. {mils). 
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Ammonium Poly-sulphid, (NH4)2Sx, (** Yellow Am- 
monium Sulphid") Solution is made by digesting 1000 Co. 
(mils) of Ammonium Sulphid, (NH4)2S, solution with 15 Gm. 
of powdered Sulphur for several hours, and then filtering. 

Ferrous Sulphate Solution may be made by dissolv- 
ing 150 Gm. of crystalline Ferrous Sulphate in enough Water 
to make 1000 Co. {mils), and adding a few clean scraps of 
Iron and 5 Cc. (mils) of concentrated Hydrochloric Acid. 

Magnesia Mixture may be made as follows: Dissolve 
100 Gm. of crystalline Magnesium Chlorid and 200 Gm. of 
Ammonium Chlorid in 1300 Cc. {mils) of Water. Dilute 
this solution to 2 L. with 10% Ammonium Hydroxid. 

Nessler's Reagent (Potassium Mercuric lodid): Dis- 
solve 115 Gm. of Mercuric lodid and 80 Gm. of Potassium 
lodid in enough Water to make 500 Cc. (mils). Add 500 Cc. 
(mils) ot 3,20% solution of Sodium Hydroxid and decant the 
clear liquid from any precipitate that may form upon stand- 
ing. Keep the reagent in amber bottles in a dark place. For 
sensitive work both the Water and the salts used must be 
free from Ammonia. 

Potassium Pyroantimoniate Solution: Add 20 Gm. 
of the solid to about 950 Cc. (mils) of boiling Water. Boil for 
one minute until almost all of the salt is dissolved. Quickly 
cool, and add about 30 Cc. (mils) of 10% solution of Potassium 
Hydroxid. Filter and dilute to 1 L. The clear liquid should be 
decanted from any flocculent precipitate that may form upon 
standing. This reagent should be tested at frequent intervals 
with*a known solution of a Sodium salt. 

Sodium Cobaltic Nitrite: Dissolve 100 Gm. of 
Sodium Nitrite is 300 Cc. (mils) of Water; add enough Acetic 
Acid to give the solution a slight acid reaction; and then add 
10 Gm. of Cobalt Nitrate. Let the mixttire stand for several 
hours. Then filter if necessary. This reagent should be 
made up in small quantities at a time as it decomposes rather 
readily. 

Solution op Indigo : To 5 parts of fuming Sulphuric 
Acid, contained in a beaker immersed in cold water, add 
slowly with constant stirring 1 part of finely powdered Indigo. 
Cover the beaker and let the mixttire stand for several days. 
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Then pour the mixture into twenty times its volume of Water, 
Btir, and finally filter. 

Stannous Chlorid Solution may be made by either of 
the following methods: 

(a) Dissolve 100 Gm. of the crystalline salt in 200 Cc. 
(mils) of concentrated Hydrochloric Acid and dilute to 1000 
Cc. (mils). 

(_b) Dissolve 55 Gm. of metallic Tin in 225 Cc. (mils) 
of concentrated Hydrochloric Acid, and dilute to 1000 Cc. 
(mils). 

Keep some granules of Tin in the bottle and stopper with 
a cork stopper. 

Starch Paste: Rub 40 Gm. of soluble Starch to a 
thin paste with a little Water, and pour this mixture into 1000 
Cc. (mils) of boiling Water. Boil for five minutes and strain 
if necessary. 

4. The student learns that the deportments of sub- 
stances with "Reagents" constitute "Tests," which form 
the basis of practical chemical analysis. It is important 
that each beginner follow each step of the manipulations as 
shown by the instructor, and exercise care in the use of 
reagents. The quantity of a reagent used is very impor- 
tant, and in order to limit the volume of fluids handled, 
all operations should be carried out in test-tubes, small 
beakers, dishes, etc. Cleanliness, above all things, must be 
emphasized and practised if success is looked for. 

5. QUALITATIVE ANALYSIS consists in the identi- 
fication of a simple substance or the identification of the con- 
stituents of a complex substance. The field therefore is too 
broad for this elementary manual, and consequently the 
student's attention will be confined to the more common ele- 
ments and compounds of special interest to the Medical, 
Dental and Pharmaceutical branches. Only a few of the 
compounds of carbon, and none of the rare metals and acids 
will be considered. The chemical reactions referred to above 
as "Tests" generally take place with difficulty between 
solids, but, as a rule, very readily between solutions. Since 
the majority of the tests in this manual are tests on solutions, 
the latter are therefore most important. 
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6. A SOLUTION may be defined as a homogeneous mix- 
ture of two or more substances (gas and gas, gas and liquid, 
gas and solid, liquid and liquid, liquid and solid, or even solid 
and solid), which cannot be separated into its constituents by 
mechanical means without altering the physical state of one 
of the substances, and whose properties vary with the pro- 
portions of its constituents between certain limits. Solutions 
of solids in liquids, liquids in liquids, and gases in liquids are 
the most important. 

A solid may be distributed through a liquid either by 
being suspended in the liquid, or by being dissolved in it 
(solution). In like manner a liquid may be suspended in the 
form of minute drops in another liquid, as in milk (emulsion), 
or it may be dissolved. Ordinarily it is a simple matter to 
distinguish between the two cases, for a substance which is 
suspended sooner or later separates or settles, while a sub- 
stance that is dissolved does not. However, there are some 
^ exceptional cases in which the subdivision of the suspended 
substance is so minute as to make retention of the suspended 
substances by filter paper impossible (colloidal solution). If 
a liquid is opaque or opalescent, it is a case of suspension. If 
it is clear, homogeneous and transparent, it is a case of solu- 
tion, in which the dissolved substance seems to have been 
so completely dispersed that the liquid cannot be distinguished 
by the eye from a pure substance. 

There is no limit to the degree of dissipation which may 
be thus produced. For example, a small crystal of Potassium 
Permanganate (KMnO*), which gives a deep purple colored 
solution in water, may be dissolved in 10 or 20 L. of water, 
and the purple tinge which it gives the liquid will be perfectly 
perceptible in every part of the solution. The fimdamental 
characteristics of solutions then are: (1) absence of settling, 
(2) homogeneity, and (3). extremely minute subdivision of the 
dissolved substances. 

It should be remembered that the term "solution" is 
not limited to solutions of solids in liquids; for observation 
has shown that agitation of any gas with water results in 
the solution of a large or small quantity of the gas. Palladium 
or Iron can be made to absorb Hydrogen gas, liquids are in 
some cases absorbed by solids, and homogeneous mixtures of 
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with solids are possible. It may therefore be said that 
solutions of gases, liquids, and solids in solids, and solids, 
liquids and gases in liquids may be made. 

It is customary to call the substance which, like water 
in most cases, forms the bulk of the solution the solvent. 
For the substance which is dissolved the term solute is 
used. The amount of the substance which has been dissolved 
in a given quantity of a solvent determines the concentra- 
tion of the solution. Since there is a limit to the solubility 
of most substances, a solution is called saturated when the 
solvent has dissolved as much of the solute as it normally 
can dissolve. When this condition is attained by prolonged 
agitation of the solvent with the solute, the tnaximum con- 
centration is reached, and this is called the solubility of 
the substance in a given solvent. The term molar solu- 
tion is frequently employed and refers to a solution contain- 
ing one mole (gram-molecular weight) of the solute in 1 L. of 
solution. Thus in the case of a molar solution of Sulphuric 
Acid {H2SO4 = 98), a liter of the solution would contain 98 
Gm. of Sulphuric Acid. 

Practically all of the solutions to be used and studied in 
carrying out the work described in this manual are solutions 
of acids, bases and salts, and a study of some of the character- 
istic properties of these compounds shown in aqueous solution 
is of utmost importance to the student. 

The student has already learned that all acids contain 
Hydrogen, in aqueous solution (if soluble) they are sour in 
taste, turn blue litmus red, and that their Hydrogen is dis- 
placable by certain metals and has the properties of a radical. 
Many other compounds, like alcohol, sugar, etc., contain 
Hydrogen also, but they do not show all of these properties. 
Further, all salts are made up of two radicals, and the re- 
versible double decompositions into which they enter with 
acids, bases and other salts, consist in exchanges of these 
radicals. Other compounds may include the same com- 
bination of atoms, but in their actions these groupings are 
frequently disregarded. Thus, Silver Nitrate (AgNOj) and 
Sodium Chlorid (NaCl) exchange radicals completely, 
according to the following equation: 

AgNOs + NaCl -> AgCl -f- HNO, 
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However, Sodium Chlorid and Nitroglycerin (C3H6(N03)3) 
do not interact at all. The latter is not a salt, although 
it contains the same proportion of Nitrogen to Oxygen as 
does any nitrate. 

It is chiefly in aqueous solution that these special 
characteristic properties of acids, bases, and salts become 
apparent. In the absence of the solvent (water), their 
behavior is frequently quite different. For example, if Am- 
monium Carbonate and partially dehydrated Cupric Nitrate 
are mixed and heated, a violent interaction takes place. A 
cloud of gas and smoke is given off, which consists of Nitrogen 
Peroxid, NO2; Carbon Dioxid, CO2; Nitrous Oxid, N2O, 
Water vapor. Nitrogen, and possibly other products; and a 
black or reddish residue remains, which contains Cupric 
Oxid and at times red Cuprous Oxid (CU2O). On the other 
hand, if the substances are dissolved in water before bringing 
them in contact, a very different interaction takes place. A 
pale green precipitate of Cupric Carbonate (CuCOs) is formed 
which rapidly settles to the bottom, and evaporation of the 
supernatant liquid would jdeld Ammonium Nitrate (NH4NO8) . 
Thus, by the latter method but two main products are formed, 
and the essential part (a basic Cupric Carbonate is really 
formed) of the action may be represented by the equation: 

(NH4)2COs + Cu(N0,)2 -► CuCOs + 2NH4NO, 

A marked difference is noted in the interactions between the 
substances when in the dry state and when in solution. In 
the dry state heat is required and the molecules are com- 
pletely disintegrated, the whole change being very complex. 
In the case of the solutions, no heat is required, certain 
groups of atoms which are called radicals are transferred 
from one state of combination to another, and the rearrange- 
ment takes place in a quiet orderly manner. 

7. Other compounds, however, show no change in 
behavior when dissolved in water. For example. Sugar 
(C12H22O11) is usually more readily acted upon in the ab- 
sence of a solvent. Further, although there are other sol- 
vents which have the effect of water just described, the 
majority of solvents retard chemical changes if they affect 
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them at all. Thus lodin and Phosphorus unite spontaneously 
with a violent evolution of heat when these elements are 
brought in contact in the absence of a solvent. If they are 
dissolved in Carbon Disulphid (CSa) and then mixed, the 
reaction is much more mild although the same compound 
is formed (Phosphorus Tri-iodid, PTj). It is apparent that 
the decrease in concentration of the ingredients retarded 
the speed of the action in this case. That- water and some 
other solvents have a specific tendency to increase the activity 
of certain classes of compounds, shows that a special ex- 
planation of the phenomenon must be found. 

Observation, then, has shown that the peculiarity of 
acids, bases, and salts in aqueous solution is that each com- 
pound always splits in the same way. Thus, Cupric Nitrate 
(Cu{N08)3) always gives changes which involve Cu and NOj, 
and never interacts so as to use CuNj or CuOj and Oj or 
NOs as the basis of exchange. In like manner the acids 
always offer Hydrogen in exchange, so that Sulphuric Acid 
(HaSO<) acts as if composed of 2H and SO*, but never as if 
composed of HjS or HSO and O4 or HO3. (The characteristic 
sour taste and effect on litmus seem to be properties of the 
readily separable Hydrogen, since they are shown by all 
acids.) As a result of these observations a list of the units of 
exchange, such as H, OH, SO4, Cu, Na, CI, I, as employed by 
the acids, bases and salts in their interactions can be made. 
The molecules of each of these classes of compounds contain 
at least two of these exchange units. 

Three or four other characteristics of aqueous solutions 
of acids, bases and salts will be described before an explana- 
tion is offered. 

8. (A) Osmotic Pressure. — The student has al- 
ready learned that the particles of a dissolved substance 
exercise a pressure very similar to that exercised by the 
gases, and that this pressure is spoken of as Osmotic Pres- 
sure. Further, that osmotic pressure increases when a solu- 
tion is warmed, and it gains ^^73 of the value it had at 0" 
for every degree through which the temperature is raised. 
(Compare with Charles' Law for gases.) So, as in the case 
of gases, the molecules of a dissolved substance are looked 
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upon as being distributed through the space occupied by the 
solvent, as being separate from one another, and as being 
in a state of independent motion. He has also learned that 
osmotic presstire is proportional to the concentration of the 
solution; that is, that it depends upon the degree of crowding 
of the molecules of the dissolved substance. (Compare with 
Boyle's Law.) One of Pfeffer's experiments will serve to 
illustrate this. 

% Sugar Osmotic Pressure 

1 535 mm. 

2 1016 mm. 

4 2082 mm. 

6 3075 mm. 

And further, if the concentrations of different solutions which 
at the same temperature exhibit equal osmotic pressures are 
compared, it is foimd that they contain the same number of 
molecules of the dissolved substances in equal volumes. 
Thus, if one mole (74 Gm.) of Methyl Acetate (CH3C2H3O2), 
and one mole (342 Gm.) of Sugar (C12H22O11) are dissolved in 
equal volumes of water (equal numbers of the molecules of 
the two compoimds having thus been taken), it will be foimd 
that the osmotic pressures exhibited by the two solutions are 
equal. 

9. However, if a comparison of a solution of Sugar 
and a salt, such as Potassium Chlorid (KCl), is carried out a 
striking difference is noted. Thus, if the gram-molecular 
weight of Sugar (342 Gm.) is dissolved in enough water 
to make 22.4 L. at 0® (760 mm.), it exhibits, at 0®, the normal 
osmotic pressure of one atmosphere. On the other hand, a 
solution of one molecular weight of Potassium Chlorid 
(74.5 Gm.) in the same volume of water exhibits an osmotic 
pressure of about 1.88 atmospheres at 0®. The same is 
fotmd in the cases of the other salts, and the acids and bases; 
that is, these substances in solution exhibit abnormally 
high osmotic pressures. 

10. (B) Vapor Tension. — This the student has 
learned is the tendency of liquids, to pass into the vaporous 
condition. He will recall that increase in temperature of a 
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liquid increases its Vapor Tension, and that the presence of 
a dissolved substance in a liquid always lowers the Vapor 
Tension of the liquid, and that the lowering of the Vapor Ten- 
sion for a fixed quantity of the liquid is proportional to the 
quantity of dissolved substance. Further, that equal lowering 
of Vapor Tension will be produced by dissolving gram- 
molecular weights of two different substances in equal volumes 
of the same liquid. Thus, 10 Gm. of Sugar dissolved in a 
liter of Water will depress or lower the Vapor Tension of the 
Water twice as much as 5 Gm. of Sugar dissolved in the 
same volume of Water. And 342 Gm. of Sugar (CiHmOu - 
342) and 92 Gm. of Glycerin (CjHsCOH), - 92) dissolved in 
equal volumes of Water exhibit equal lowering of Vapor 
Tension, 

However, the acids, bases and salts are exceptions to 
these rules. Thus, if 58.5 Gm. of the salt, Sodium Chlorid 
(NaCI - 58.5), and 342 Gm. of Sugar (CsHmOi, - 342) 
are dissolved in equal volmnes of Water, it would be found that 
instead of producing equal depression of the Vapor Tension, 
the depression exhibited by the Sodium Chlorid is much 
greater. So the acids, bases and salts in solution exhibit 
abnormal depression of Vapor Tension as well as exhibiting 
abnormally high Osmotic Pressures. 

11. (C) Freezing Point, — That the Freezing Point 
of a solution is depressed in direct proportion to the weight 
of the dissolved substance in a given amount of a solvent, 
and that this depression is inversely proportional to the 
amount of solvent are facts already known to the student. . 
Thus, if we double the concentration of a solution, the de- 
pression in the Freezing Point is doubled. He has also 
learned that equal numbers of molecules of different solutes 
in the same quantity of solvent exhibit equal depressions. 
Thus, a solution containing 342 Gm. of Sugar (CiiHjsOu — 
342) in 1000 Gm. of Water, and a solution containing 46 Gm. 
of Alcohol {CsHeOH — 46) in the same amount of Water, 
exhibit a depression below the Freezing Point of Water of 
1.89° in each case. However, acids, bases and salts dissolved 
in Water are exceptions to the above rules. Thus, in Smith's 
experiments when 58.5 Gm. of Sodium Chlorid (NaCl — 58.5) 
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were dissolved in 2000 Gm. of Water, and 74 Gm. of Methyl 
Acetate (CHsCjHsOa — 74) were dissolved in the same 
amount of Water, it was foimd that the Methyl Acetate 
solution exhibited a depression in the Freezing Point of 
0.970® (about half the average molecular depression, since the 
solution contains only 0.5 moles of the solute per liter), 
whereas the salt solution exhibited a depression of 1.678®. So 
in addition to exhibiting abnormal depression of Vapor Ten- 
sion and abnormal increase in Osmotic Pressure, solutions of 
acids, bases and salts in aqueous solution exhibit abnormal 
depression of the Freezing Point. However, these substances 
when dissolved in such solvents as Carbon Disulphid (CS2), 
Chloroform (CHCU), etc., simply exhibit normal depressions. 
It is apparent, therefore, that there is some decided differ- 
ence in the condition of these substances when dissolved 
in water. 

12. (D) Boiling Point.— The Boiling Point, the 
student has learned, is raised when a substance is dissolved in 
a solvent. Thus, if the solvent is Water, one mole of a solute 
in 1000 Gm. of the solvent normally raises the Boiling Point 
0.52*"; that is, from 100** to 100.52**. But here again, acids, 
bases and salts form an exception to the rule by exhibiting 
an excessive or abnormal increase in the Boiling Point. 

13. Ionization. — ^What explanation can be offered 
of the above facts? ** Ionization" or ''Dissociation in Solu- 
tion" is the answer. For the above described peculiarities 
in the chemical behavior, the osmotic pressures, the vapor 
tensions, the freezing points, and the boiling points of solutions 
of ACIDS, BASES, and SALTS constitute proofs that these sub- 
stances when in aqueous solution are actually dissociated 
INTO parts by the SOLVENT. Thcsc parts, it will be seen, 
coincide in composition with the radicals and are called 

IONS. 

Let the experiment described in ^9. be considered from 
the standpoint of Dissociation or Ionization, Two solutions, 
each containing the same number of molecules of two different 
substances. Sugar and Potassium Chloride, in the same vol- 
umes of Water were examined. The Sugar solution exhibited 
the normal osmotic pressure of one atmosphere at 0®, whereas 
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Potassium CMorid solution exhibited an osmotic pressure 
of about 1.88 atmospheres at 0°. This greater pressure 
then must be due to the fact that although the number of 
molecules of Potassium Chlorid taken was the same as the 
number of molecules of Sugar, the number of actual par- 
ticles whose impact constituted the pressure is greater. 
In the case of Potassium Chlorid the number must be about 
88% greater (one atmosphere as compared to 1.88 atmos- 
pheres). But the multiplication of particles from Potassium 
Chlorid molecules can occur only by the dissociation or break- 
ing up of the molecules into particles of Potassium (K) and 
of Chlorin (CI), as represented by the following equation: 
KCl *^ K + CI* 

Thus, in the solution of Potassium Chlorid the pressure ex- 
hibited is due to the impact of the particles (ions) of Potassium 
and the particles (ions) of Chlorin, instead of to the mole- 
cules (KCl) ; and, if a!! of the molecules of the salt were disso- 
ciated, the osmotic pressure exhibited would have been 2 
atmospheres instead of 1.88, since each molecule of KCl 
would yield one particle (ion) of Potassium and one particle 
(ion) of Chlorin. It therefore follows that 0.88 (1.88 - 1.00) 
or 88% of the molecules of Potassium Chlorid must have been 
broken up into ions. Experiments have shown that the 
degree of dissociation of different acids, bases and salts varies 
widely, and that for the same substance it is always rela- 
tively greater in dilute than in concentrated solutions. 

In like manner can be explained the abnormal depres- 
sion of the freezing point described in ^ll(C). It was seen 
that the Methyl Acetate solution exhibited normal depres- 
sion, while the salt solution, NaCl, exhibited abnormal de- 
pression; that is, the freezing point of the salt solution was 
much lower. Since equal numbers of molecules of different 
solutes in the same quantity of a solvent shoidd exhibit equal 
depression, and aqueous solutions of acids, bases and salts 
exhibit a greater depression, it follows that in the cases of 
aqueous solutions of these substances, their molecules must 
undergo dissociation whereby a greater number of particles 
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are present. Thus, in the case of the Sodium Chlorid (NaCl) 
solution, dissociation results in the presence of particles or 
ions of Sodium and ions of Chlorin, and instead of having 
simply molecules (NaCl) of Sodium Chlorid, there are present 
the ions of Sodium and the ions of Chlorin; that is, two ions 
for every molecule which undergoes dissociation. Here also 
the excessive depression varies with the acid, base or salt in- 
volved, and is dependent upon the degree of dissociation of the 
substance. Experiments indicate that the more dilute the 
solution, the greater the degree of dissociation or ionization, 
within certain limits. In the case of a salt like Calcium Chlo- 
rid, CaCU, the depression would be about three times the 
normal value, since its molecules would give three ions in 
solution (Ca, CI, CI). 

If space permitted, statements nwght be made in regard 
to the vapor tensions and the boiling points of solutions which 
would be closely parallel to those already made about osmotic 
pressure and freezing points in which it would be shown that 
the abnormal depression of the vapor tensions and the ex- 
cessive increase in boiling points exhibited by the solutions 
of acids, bases and salts are due to the dissociation of the 
molecules of these substances and measured by the degree of 
such dissociation. 

14. From the above then it appears that Water (and 
some other solvents like Alcohol, C2H6OH) has the power 
of breaking up the molecules of acids, bases and salts and 
of holding the resulting particles or ions apart from one 
another and preventing them from reuniting. Therefore, 
an aqueous solution of an acid, such as Hydrochloric Acid, 
HCl, or a base, such as Sodium Hydroxid, NaOH, or a salt, 
such as Sodium Chlorid, NaCl, contains, besides imdivided 
molecules of the solute, at least two other kinds of material, 
H, Na, OH, CI, etc., which result from the dissociation of 
the molecules. However, it must be noted that these sub- 
divisions of the original molecules have distinctive proper- 
ties, physical and chemical, of their own. Thus the Hydrogen 
ion of acids, although a form of uncombined Hydrogen, dif- 
fers totally from gaseous Hydrogen. Gaseous Hydrogen 
has no sour taste, has no effect on litmus, and is only very 
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slightly soluble in Water, while the Hydrogen ion of acids 
has a sour taste, turns blue litmus red, and exists as a separate 
substance only in solution. Further, substances with the 
composition of the ions SO^ or NO3 are not known except 
in solutions. A striking peculiarity of these substances how- 
ever, is that a solution cannot be made which contains less 

_ than two kinds of ions. 

An ION, then, may be defined as an atom or a group of 

* atoms formed through the dissociation of an acid, a base or a 
salt by a solvent like Water. And further their composition 
corresponds to that of the radicals. The term "Ioniza- 
tion" may be defined as the dissociation of molecules into 

I ions; and the substances of the three classes which alone are 

lionized may be called Ionogens. 

Since the ions are chemically different from their parent 
molecules, their formation represents a variety of chemical 
change which is simply a reversible decomposition of the 
dissolved substance. We know that this is a reversible ac- 
tion* and a true dissociation because of the following fact 
already called to the student's attention: the proportion of 
the molecules ionized becomes greater as more of the solvent 
is added; and because of the fact that removal of the solvent 
diminishes the proportion of the ions to molecules, and finally 
leaves the substance entirely restored to molecular condi- 

Ltion. (Thus, if a solution of Sodiiun Chlorid (NaCI) is 
and then evaporated, the original substance in its 

Koriginal state is obtained.) In the cases mentioned in 1[14 
iie following equations represent the actions taking place: 

HCI ±5 H+ -(- Cl- 
NaOH £5 Na+ -|- OH" 
NaCi £5 Na+ + Cl" 

rin these equations the symbols H*, Cl~, 0H~, etc., are used 

to indicate that they are ions, and not identical with atoms, H, 

CI, etc. The positive ions or radicals are distinguished by 

the plus sign thus, Na+, Mg++, and the negative by the 

i sign, Cl~, S04~~. The reason for this marking will 

e explained presently. 

•See 1[ Z], page 43, 
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16. Electrolysis. — ^In taking up this topic the student 
must keep in mind the fact that Electrolysis does not produce 
ionization. The electrolytic property of the ions which will 
be described here is only one of the many special properties 
of ionogens, the majority of which are chemical and have 
nothing to do with electrolysis. Unless this fact is kept in 
mind, the student is likely to be greatly confused an^ handi- 
capped in his work. 

Experiment shows that most solutions which exhibit 
chemical transformations by the interchange of groups, and 
which exhibit the property of dissociation (as shown by the 
abnormal eflEects on osmotic pressure, vapor tension, and the 
boiling and freezing points), are the same solutions which 
will conduct electricity and undergo decomposition by the 
passage of the electric current through them. On the other 
hand, solutions which have the normal effect on the four 
physical properties mentioned above; that is, solutions which 
do not dissociate, are non-conductors. The term "electro- 
lyte" is employed to designate a solution which will con- 
duct the electric current and undergo decomposition by its 
passage; and often this term is applied to acids, bases and 
salts, themselves, because when dissolved they produce 
"electrolytes." The employment of the term in the latter 
fashion, however, is likely to lead to confusion, since these 
compounds by themselves are not conductors. The term 
"electrolysis" is used to designate the effect of an electric 
current upon electrolytes. Solutions of Sugar, Methyl 
Acetate, etc., are non-conductors, and it has already been 
shown that they are tmdissociated. Solutions of acids, bases 
or salts in Chloroform, Toluene, etc., do not conduct the 
electric current, neither do they show any evidence of 
ionization. 

It must be remembered that the pure solvent itself and 
the pure solute which is dissolved in the solvent by itselJE 
are, at ordinary temperatures, almost complete non-con- 
ductors. Pure Water, dry Hydrochloric Acid, and dry Salts, 
except when at a high temperature and fused, do not permit 
the passage of the current. Yet a mixture of the Water 
with one of the others gives a solution which conducts the 
current very well. The nature of the decomposition which 
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accompanies the conduction o£ the current must therefore 
be considered. 

When the wires from a battery are attached to Platinum 
plates and the plates inunersed in an electrolyte, it is noticed 
that products appear at the two plates (electrodes) and that 
these products are always different. They may be collected 
and examined according to their physical and chemical 
properties. If the products are gases which are not very 
soluble, they may be collected in inverted tubes which are 
filled with the solution. If they are solids, insoluble in the 
liquid, they will remain attached to the plates or be present 
as precipitates in the bottom of the container. If the products 
are soluble substances, they will usually be invisible. 

16. A typical example that will serve to illustrate this 
phenomenon is Silver Nitrate, AgNOj. If an electric cur- 
rent is passed through an aqueous solution of this salt, it 
will be noticed that metallic Silver is liberated at the nega- 
tive plate or electrode and adheres to it; while at the positive 
electrode Oxygen gas is liberated. However, these products 
account for but two of the three elements that compose Silver 
Nitrate. If the liquid found around the positive electrode 
is examined, it will be found that Nitric Acid (HNOb) is 
being liberated along with the Oxygen. It is true that a third 
part is fo\md, but it is something more than the element 
Nitrogen, the third element of the salt AgNOj. This, how- 
ever, is easily explained for a solution of a salt, like Silver 
Nitrate, contains two kinds of ions which result from the 
division of the molecules of AgNOj; namely Ag and NOj. 
The NOj is not a known compound, and therefore must have 
interacted with the Water thus : 

2N0, + HaO -> 2HN0, + O 

The atomic Oxygen must have united so as to form gaseous 
Oxygen, Oj. Therefore the entire change may be expressed 
as follows : 

- Electrode: Ag ♦- Ag.NO, -♦ O, and HNO,: + 
Electrode 

If a solution of Potassium Nitrate (KNOj) is used, Hy- 
drogen would appear at the negative electrode, and Oxygen 
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at the positive. At the negative plate, however, wotdd be 
found also the base Potassium Hydroxid, KOH; and at the 
positive an acid, Nitric Acid, HNOs- It is asstimed then 
that the parts or ions of the parent molecules, KNOs, are K 
and NOs. The Potassium reacts with the Water giving 
rise to free Hydrogen and Potassium Hydroxid, instead of 
being liberated itself, according to the following equation: 

2K + 2H2O -> 2K0H + H2 

The NOs, of course, would conduct itself as already described 
above. Thus, the whole change may be represented as 
follows: 

- Electrode : H2 and KOH ♦- K.NO, -> O2 and HNOs 

: + Electrode 

If an acid, like diluted Sulphuric Acid, H2SO4, is sub- 
jected to electrolysis. Hydrogen is liberated at the negative 
electrode. Oxygen is liberated at the positive, and there is 
also an acctmiulation of Sulphuric Acid around the positive 
electrode; thus: 

— Electrode : H2 ♦- H2.SO4 -> O2 and 
H2S04:+ Electrode 

It is found that all acids give Hydrogen alone at the negative 
electrode, and the salts are divided into their radicals by the 
electric current. 

The question arises why are the parts into which the 
molecules of acids, bases and salts divide upon entering into 
a state of solution attracted by the electrically charged 
electrodes when these are immersed in the solution, when 
molecules of other substances in solution, such as Sugar, are 
not attracted? The answer is rather simple. Observation 
has shown that the only bodies which are decidedly attracted 
by electrically charged objects are those which already pos- 
sess electric charges of their own. Therefore, it must be 
true that when substances which dissociate in solution are 
dissolved, their molecules divide themselves into special elec- 
trically charged atoms or molecules, and, since the solution, as 
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l;a whole, has no charge itself, equal quantities of positive and 
of negative electricity must be produced; thus: 

HCl -^ H+ + Cl- 

NaOH -^ Na+ + OH" 

NaCl -t Na+ + Cl" 

The following diagram will assist the student in study- 
ing this phenomenon. It represents a vessel containing a 
solution of Silver Nitrate, AgNOa, into which have been in- 
1 troduced the electrodes of a battery. The student has al- 




ready learned that upon entering a state of solution Silver 
Nitrate, being a salt, undergoes Dissociation or Ionization, 
which results in the presence of two kinds of ions in the 
solution; namely, Ag ions and NO3 ions. Upon the introduc- 
tion of the electrodes, the negatively charged one {cathode) 
attracts all the positively charged particles which begin to 
drift toward this plate and these are called "cations." 
Since the Silver is deposited on this electrode, it follows that 
I the Silver particles must have been attracted by this elec- 
trode and must possess positive charges, and are therefore 
the "cations" of this solution. On the other hand, the 
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negatively charged particles, the NOa, are repelled by this 
electrode and are attracted by the positive electrode (anode) 
toward which they drift. The negatively charged particles 
or ions are called "anions." In each case those particles 
or ions which are nearest the electrodes on coming in contact 
with the plates lose their charges of electricity and are turned 
into the free or ordinary forms of the matter of which' they 
are composed. This continuous removal of electrical charges 
from the electrodes or plates through contact with ions possess- 
ing opposite charges requires the recharging of the plates from 
the battery, thus giving rise to a continuous current in each 
electrode. The drifting of positively and negatively charged 
particles through the liquid in opposite directions constitutes 
what appears to be an electrical current also. The liberation 
of ions at an electrode in electrolysis may be graphically 
represented as follows: 

Ag+ + e -> Ag 
CI- + e -> CI 

The © and O represent the unit quantities of positive and 
negative electricity furnished by the battery to the electrodes 
and destroyed by opposite charges possessed by the ions. 
In this way as fast as the dissociated portions of the solute, 
that is, the ions, give up their charges and become free sub- 
stance, the undissociated molecules of the solute present 
undergo dissociation, and eventually, if the process is con- 
tinued long enough and the liberated substances are actually 
deposited and do not go into solution again in any form, the 
liquid is entirely freed from the solute which it contained. 

The student is possibly troubled with the question " How 
can an element like Potassium exist in atomic condition 
in Water without acting upon it?" It must be remembered 
that the ions of Potassium in, for example, a solution of 
Potassium Chlorid, KCl, are not metallic Potassium. "How 
do they differ ?" They carry large charges of electricity and 
possess an entirely different and much smaller amount of 
chemical energy than free or metallic Potassium. These 
faxjts have been demonstrated again and again by experi- 
ments in which actual measurements were made. The stu- 
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dent has already learned that the properties of a substance 
are determined as much by the energy it contains as by the 
kind of matter. It follows then, that ionic Potassium and 
metallic Potassium are simply different substances. 

17. The Amount op Ionic Electric Charges. — If 
the electrolysis of Hydrochloric Acid is carried out, it is found 
that one atomic weight of Hydrogen (1.008) and one atomic 
weight of Chlorin (35.45) are liberated simultaneously. 
That is, there would be 1.008 parts of Hydrogen liberated and 
35.45 parts of Chlorin. Since the solution remains electric- 
ally neutral, it follows that the ions of Hydrogen and the 
ions of Chlorin bear equal charges. And, since the same 
thing is true for a solution of Cupric Chlorid, one atomic 
weight of Copper (63.6 parts) and two atom weights of Chlorin 
(70.9 parts) being liberated, it follows that the Cupric ion 
possesses a double charge. Similarly, the Bismuth ions possess 
triple charges. It may therefore be stated that ions possses 
electrical charges in direct proportion to their valences. 

In writing equations involving charges, the numbers 
(rf charges, positive and negative, may be designated by 
placmg the signs + and — to the upper right side of the 
symbol or formula, and the numbers of + and — charges 
must always be equal : 

HCl f± H+ + Cl- 
CuCi, ^ Cu++ + 2C1- 
BiClj ^ Bi+++ + 3CI- 

18. To summarize then, the following points are 
important : 

1. An ION is an atom or group of atoms which bears 
a positive or negative electrical charge, and is formed through 

I the dissociation of an ionogen by a solvent like Water. 

2. Each molecule of ionogens gives two kinds of ions 
which possess opposite charges, and which differ from non- 
ionic substances of the same material when such are known. 

3. The electrical charge possessed by an ion is one 
of its essential constituents, and when it is removed, the 
properties alter entirely. Thus, there are two kinds of 
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Hydrogen: (a) gaseous or molecular Hydrogen, Hj; and 
(b) ionic Hydrogen, H+, with different chemical properties. 

4. Ions which proceed in the same direction as the 
positive current are called cations. Examples are: H+, 
Na+, Bi+++, Cu++, NH4+. They are metallic elements, or 
groups which conduct themselves like metals. The elec- 
trode which attracts them or upon which they are deposited, 
the negative electrode, is called the cathode. 

5. Ions which move in the direction of the negative 
current are called anions. They are usually non-metals, 
such as CI", Br^, NOs"", SO4 , although at times the com- 
ponents may be partially metallic as in the anion Mn04"'. 
They are attracted to the positive electrode which is called the 

ANODE. 

6. In equations involving charges, the numbers of -f- 
and — charges must always be equal. 

7. Ionization or Dissociation in Solution is not pro- 
duced by Electrolysis. 

8. Ions possess electrical charges in direct proportion 
to their valences. Thus, univalent elements, like Hydrogen 
and Chlorin, possess the same quantity of electricity: H+ 
and CI"; Magnesium which is divalent, Mg++; Bismuth which 
is trivalent, Bi+++; etc. 

19. Since ionic Hydrogen, Chlorin, etc. are entirely 
different in physical and chemical properties from the corre- 
sponding free or ordinary elements, special names have been 
given the ions. The following is a partial list. After becom- 
ing familiar with these, the student will have no difficulty 
in assigning names to the other ions as he comes to them. 

Name Symbol Cation op Salts op 

Hydrion H+ Hydrogen (acids) 

Natrion Na+ Sodium 

Kalion K+ Potassium 

Calcion Ca"^ Calcium 

Diferrion Pe++ Ferrous Iron 

Triferrion Fe+++ Ferric Iron 

Dicuprion Cu++ Cupric Copper 

Ammonion NH4+ Ammonium 



DEGREE OF IONIZATION 



0H-. 



Anion of 

. . Hydroxids 
(bases) 

CI- Chlorids 

Br~ Bromids 

CIO3- Chlorates 

S— Sulphids 

SO*— Sulphates 

SO3— Sulphites 

NO3" Nitrates 



Name 

Hydroxidion . 

Chloridion . 
Bromidioii . 
Chloranion 
Sulphidion . 
Sulphanion 
Sulphosion . 
Nitranion . 

From now on the student must no longer look upon 
solutions of acids, bases and salts as solutions containing 
but one substance beside Water. He must think of them 
now as containing at least three dissolved substances, any 
one of which might be alone responsible for some property 
of the solution. He should further remember that the 
degree of ionization or dissociation is dependent on the sub- 
stance dissolved and the concentration of the solution. 
Thus, when 0.1 molar solutions (0.1 of the gram-molecular 
weight in 1 L.) of Nitric (HNO,), Hydrochloric (HQ), Sul- 
phuric (HjSO*), Acetic (HCjHaOs), Carbonic (HjCO,), 
Sulphydric (HjS), and Boric (HaBOi) are compared the 
following percentages of each are dissociated: 

HNO3 90% 

HCl 90% 

H1SO4 60% 

HCiHiOs 1.5% 

HiCOj 0.2% 

HsS 0.1% 

HjBOi 0.01% 

Therefore the strength of an acid is dependent upon its de- 
gree of dissociation, or in other words its capacity to furnish 
Hydrion (H+), Thus. Nitric Acid is stronger than Sul- 
phuric and many times stronger than Acetic, Carbonic, 
Sulphydric and Boric Acids. In the cases of 0.1 molar solu- 
tions of the bases, Potassium Hydroxid (KOH), which fur- 
nished in solution Kalion (K"*"} and Hydroxidion (0H~); 
Sodium Hydroxid (NaOH), which gives Natrion {Na""") and 
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Hydroxidion (0H~); Barium Hydroxid, which gives Barion 
(Ba++) and Hydroxidion (OH" + OH") ; and Ammonium 
Hydroxid (NH4OH), which gives Ammonion (NH4'*') and 
Hydroxidion (OH"); the percentages of dissociation are as 
follows: 

KOH 90% 

NaOH 90% 

Ba(0H)2 75% 

NH4OH 1.6% 

So the strength of the bases is also dependent on the degree 
of dissociation, or in other words on the capacity to furnish 
Hydroxidion (OH"). 

In the cases of the salts the percentages of dissociation 
are about as follows: 

Type B+A-, like NaNO, 84% 

Type Bj+A— or B++A2-, like NajSO* 

orBaCls 73% 

Type Bs+A or B+^+A,", like KsPe- 

(CN)« or AlCls 66% 

Type B++A— , like MgSO* 66% 

20. Neutralization. — ^When an acid reacts with a 
base the Hydrion, H+, combines with the Hydroxidion, OH", 
forming Water, H2O. This process is called neutraliza- 
tion. The remaining cation combines with the remaining 
anion and forms a substance called a Salt. The action 
between Potassium Hydroxid, KOH, and Hydrochloric 
Acid, HCl, is represented as follows: 

KOH + HCl ^ KCl + H2O 
or 

K+ + OH- + H+ + C1-?±K+ + CI- + H+ + OH- 

Certain Hydroxids such as Zinc Hydroxid, Zn(0H)2, 
and Lead Hydroxid, Pb(0H)2, may be looked upon as bases 
or acids depending on what actions are involved. They 
may act as weak bases giving Hydroxidion, 0H-, and neu- 
tralizing an acid forming salts; or they may act as weak adds 
giving hydrion, H"*", and neutralizing a base. As acids they 
are written H2Zn02 and H2Pb02, and, reacting with a base 
like Sodivun Hydroxid, NaOH, form the soluble salts Na2Zn02 
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and NajPbOj. As bases they can neutralize an acid like 
Nitric Acid forming the soluble salts Zn(NO))s and Pb(NO,)a- 
Substances which are capable of acting either as an acid or 
a base are termed amphoteric. 

It must also be remembered that in most of the solu- 
tions the student will use in the following work the great part 
and the most active part of the contents is almost always 
ionic, and the reactions to be studied take place mostly be- 
tween the ions. Further that each kind of ion in a solu- 
tion acts in many ways as if it were present alone, and has 
its individual physical and chemical properties. Thus, if 
aqueous solutions of different permanganates, such as Po- 
tassiima Permanganate, KMnO*, Sodimn Pemianganate, 
NaMn04, and Barium Permanganate, Ba{MnO*}i, were made 
one might expect to have solutions possessing decidedly 
different shades of purple. But if diluted solutions of these 
substances are made having equivalent concentrations, it 
would be found that the three solutions have the identical 
tint. Therefore, the three different solutions compared all 
contained the same proportion of the same free, colored ion, 
MnO (. As has already been stated in the cases of solutions 
of acids, the sour taste is characteristic of all of them irre- 
spective of the nature of the negative ion. Howeves, salts 
which contain the same negative ion as the acids may not 
he in the least sour. Therefore, in the cases of the acids, 
the free substance, Hydrion, H+j imparts the sour taste. 
In like manner, the soapy taste of the substance Hydroxid- 
ion, OH", in solutions of alkalies is noted. 



21. Reversible Actions. — In the equations on pages 
31-42 the student has undoubtedly noted the use of the 
"double arrow," ?=t. Where this is used it indicates that 
the action is "reversible." However, this does not 
mean that the action is one that goes to completion, and then 
nms back to a certain extent, for this would be contrary to 
fact. By a reversible action is meant one which can be 
made to proceed in one direction, forming new substances, 
or backward, reforming the original substances, by altering 
the temperature, the pressure, or the concentrations of one or 
more of the original substances or the new products formed. 
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At one time it was thought that this kind of action was rare, 
but now all chemical actions are looked upon as being rever- 
sible ones, although in many cases and especially in most of 
the actions used in chemical analysis, the action goes so 
completely in one direction that only a negligible quantity 
of one or more of the original substances remains unchanged. 
The precipitation of Zinc Sulphid, ZnS, from Zinc Chlorid, 
ZnCU, solution by Hydrogen Sulphid, H2S, as expressed in 
the following equation, is an excellent example of a rever- 
sible action: 

ZnCU + H2S ^ ZnS + 2HC1 

If the precipitated Zinc Sulphid is filtered oflE and treated 
with Hydrochloric Acid it will dissolve, as expressed in the 
equation reading from right to left. It is therefore evident 
that there are two opposing tendencies — (a) the tendency 
of the Zinc Sulphid to precipitate; and (6) the tendency of 
the Zinc Sulphid to dissolve. In carrying out the above 
action if the theoretical amount of Hydrogen Sulphid required 
to combine with the amount of Zinc present was taken, it 
is true that a precipitate of Zinc Sulphid would be obtained, 
but actual determination would show that not all of the 
Zinc would be precipitated from solution. The Hydro- 
chloric Acid as it forms has a tendency to dissolve the Zinc 
Sulphid, thus stopping the precipitation before completion. 
That is, an equilibrium has been established in the solution. 
Another excellent illustration of this kind of action 
is the formation of the soluble blood-red Ferric Thiocyanate 
(Fe(CNS)8) by adding a solution of Ammonivun Thiocyanate, 
NH4CNS, to a solution of Ferric Chlorid, FeCU. The 
equation is as follows: 

FeCls + 3NH4CNS 4=± Fe(CNS)8 + 3NH4CI 

If these salts are mixed in very dilute solutions in the pro- 
portions required by the equation, a pale-reddish solution is 
obtained. If this mixture is divided into four parts, and one 
kept "for comparison, the addition of a small quantity of a 
concentrated solution of Ferric Chlorid to one of the other 
portions will result in a deepening of the color, due to the 
formation of more Ferric Thiocyanate. If a small amoimt 
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of a concentrated solution of Ammonium Thiocyanate is 
added to the third portion, a similar deepening of the color 
will be noted for the same reason. On the other hand, if a 
few drops of a concentrated solution of Ammonium Chlorid 
are added to the fourth portion, it will be noted that the color 
almost entirely disappears on account of its influence in ac- 
celerating the backward action. 

22. Mass Action. — The facts stated in the preced- 
ing two paragraphs are summarized in the law known as 
"The Law of Mass Action," which states that the speed 

AND ALSO THE AMOUNT OF A CHEMICAL ACTION IS PROPORTIONAL 
TO THE MOLECULAR CONCENTRATION* OP EACH INGREDIENT. 

In the case of the action between the Zinc Chlorid and the 
Hydrogen Sulphid, the law of mass action applied only to the 
Zinc Sulphid that remained in solution. The fact that 
this substance is only very slightly soluble in Water favors 
the progress of the action in the direction by which it was 
formed. The law of mass action shows that (a) when the 
concentration of any substance that takes part in a chemical 
action is increased, this tends to increase the tendency for 
the action to take place in the direction by which this sub- 
stance was decomposed; (b) when any substance formed by 
a chemical action is removed, this tends to increase the ten- 
dency for the action to proceed in the direction by which this 
substance is formed. Thus, in the case of the Zinc Chlorid 
and the Hydrogen Sulphid, the formation of the precipitate, 
ZnS, tends to make the action take place more completely, 
and, if the precipitate were absolutely insoluble in Water, 
the action by which this substance is formed would take place 
I completely. In the case of the mixture of Ferric Chlorid 
[ and Ammonium Thiocyanate solutions, the addition of a small 
I amount of Ferric Chlorid or of a small amount of Ainmoniiun 
Thiocyanate increased the concentrations of these substances 
and therefore the action proceeded in the direction whereby 
these substances were decomposed, with the result that more 
I Ferric Thiocyanate is formed as shown by the deepening of the 
•Some authors employ the term "active mass" instead of "moU- 
t cvtar concentration." but this is likely to be misleading to the student, 
\ tor it is not the mass of the substance, but the quantity of it in a given 
I volume on which the speed and the amount of a chemical action depends. 
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color. The addition of the Ammonium Chlorid, on the other 
hand, increased the concentration of this substance and the 
action took place in the backward direction as shown by the 
disappearance of the color. 

This law of mass action constitutes one of the most im- 
portant principles utilized in anal3rtical chemistry. It en- 
ables the worker to understand why most of the chemical 
actions take place and to establish the conditions tinder which 
the actions will take place to the best advantage. 

In general then, when two substances, A and B, react 
with one another at a constant temperature to form the new 
substances C and D, to some extent at least the new substances 
formed, C and D, react to reform substances A and B, the 
original substances; and equilibrium is reached when the 
ratio of the product of the concentrations of substances A 
and B to the product of the concentrations of C and D has a 
definite, constant value, which value is characteristic of the 
equilibritrai between the substances involved. The action 
may be expressed as follows: 

A + B;z±C + D 

If A, B, C, and D represent the four diflEerent substances re- 
acting in the molecular proportions indicated by their symbols; 
a, b, c, and d the molecular concentrations of the four react- 
ing substances; and x the amount of A and B changed at any 
given time; then 

R (the rate) = K-a-b, when x = O at the beginning, 
but 

R = K (a — x) (b — x) afterward, 

in which cases K is a constant, called the equilibritim con- 
stant. It varies with the temperature. In the same equa- 
tion, at the beginning of the reverse action 

R' (the rate) = K'-c-d 

and at any time afterward 

R' = K' (c + x) (d + x). 
As the action proceeds a time must come when the rate of the 
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forward action and the rate of the reversed action are equal; 
that is, R = R', and then 

K(a - x) (b - x) = K'(c + x) (d + x) 
or 

(a - x) (b - x) ^K' 

(c + X) (d + X) K* 

This, then, is the condition that exists when equilibrium is 
reached, at which point the product of the molecular concen- 
trations of the original substances divided by the product 
of the molecular concentrations of the new substances formed 
is a constant. 

Many applications of this law are made in anal3rtical 
chemistry. All cases of ionization may be considered re- 
versible actions in which the molectdes dissociate into ions, 
which again combine to form molecules tmder given condi- 
tions of temperature and pressure until there is as much dis- 
sociation as combination; that is, equilibritmi exists. For ex- 
ample Potassitmi Chlorid, KCl, dissociates according to the 
following equation: 

KC1^K++C1- 

If c is the molectdar concentration of Potassiimi Chlorid, 
KCl; a, the ionic concentration of the Potassium ions, K"*"; 
and b, the ionic concentration of the Chlorin ions, CI"; then 
the rate of dissociation of the Potassium Chlorid is 

R = Kc. 

And the rate of combination of the ions is 

R' = K'ab. 

When equilibrium exists; that is, when R = R', then 

Kc = K'ab 
or 

ab K' ...... 

— = -zr = a constant, called the tomzaiton constant. 
c K 

23. Solubility Product. — ^When a substance is pre- 
cipitated from a solution it is assumed that there remains in 
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solution as much of the substance precipitated as the liquid 
can keep in solution in the presence of the solid precipitated; 
that is, the liquid really is a saturated solution of the precipi- 
tated substance. For the case of a saturated solution the 

a'b 
value of c in the equation — = K becomes constant and 

c 

may be incorporated with K, so that 

ab = Kc = K'. 

a and b represent the amount of ions in the saturated solu- 
tion and their product is called the solubility product. 
Disturbing this product by the addition of some substance 
in solution which contains one of the ions, results in an in- 
crease in a or b, and therefore a or b will be decreased and 
more undissociated molecules will be formed, and more of 
the substance will be precipitated because the solution is 
already saturated with the undissociated molecules. Thus, 
if Lead Sulphate, PbS04, is precipitated from a solution, the 
addition of a slight excess of a sulphate solution or Sulphuric 
Acid will result in an increase in the amount of Lead Sulphate 
precipitated, for the saturated solution of Lead Sulphate left 
after the first addition of the precipitant contains Pb++ and 
SO4 — ions in such quantities that a'b = a constant, (a 
represents the amount of Pb"^ ions, and b represents the 
amount of SO 4 ions.) When a solution of a sulphate or of 
Sulphuric Acid is added, an excess of b (SO4 — ) results, and 
therefore a (Pb"*""") must diminish in order to preserve the 
truth of the equation a-b = K. The only possible way for 
this to take place is by the formation of more undissociated 
Lead Sulphate; and, since the solution is saturated with Lead 
Sulphate molectdes (c in the equation), more Lead Sulphate 
must be precipitated. 

In a similar way the strength of an acid in solution may 
be decreased by the addition of a substance containing a com- 
mon ion. In such a case, of course, a saturated solution is 
not started with. Thus, in the case of the weak acid. Acetic, 
HC2H3O2, under given conditions 

a'b 

— = K. 



I 
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The a and b represent the concentration of Hydrion, H"*", and 
Acetanion. C^HjOa"; and c the concentration of the undisso- 
ciated molecules HCaHsOj. If Potassium Acetate is added 
to the solution, b (CjHsOj") is increased. Therefore, if the 

. a-b 

equation - — = K is to hold, a must decrease or c must in- 
crease, or both of these must happen, for if the concentra- 
tion of Hydrion, H+, decreases more undissociatcd HCaHjOa 
must be formed. If Potassium Iodide, KI, and Potassium 
lodate, KIOj, are present in neutral solution, it vrill be found 
that no action takes place; but if the proper amount of Acetic 
Acid is added a rapid action takes place with the liberation 
of lodin. If Potassium Acetate is added to the mixture, the 
action can be prevented or almost completely stopped, because 
the addition of the common ion CaHjOj^ {b in the equation) 
diminishes the Hydrion, H+, (a in the equation) to such a de- 
gree that the action almost stops completely. 

Likewise, the addition of a saturated solution of Sodium 
Chlorate, NaCIOj, to a saturated solution of Potassium 
Chlorate, KClOj, results in the precipitation of a part of the 
Potassium Chlorate immediately. (Sodium Chlorate is more 
soluble in Water.) The increase of Chloranions, ClOa", 
results in the combination or association of undissociatcd 
KClOs, the ClOa being common to both Potassium and 
Sodium Chlorate. If the quantity of Sodium Chlorate added 
is small, a small amount of Potassium Chlorate will be pre- 
cipitated; but if a large amount is added, almost al! of the 
Potassium salt may be precipitated. From these illustra- 
tions it is readily seen that the effect of a reagent is dependent 
on the concentration of the reacting substances, as previously 
;8tated in the Law of Mass Action. 



P 34. Complex Ions. — It is frequently found that simple 
Salts, especially in concentrated solutions, are capable of 
forming complex compounds. For example, Silver Chlorid, 
AgCl, is only slightly soluble in Water, but readily dissolves in 

I dilute Ammonia Water. This is expressed by the following 

Bequation : 

AgCl + 2NH, iit>g(NH5)sCl. 
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A study of the properties of the Silver Ammonium Chlorid 
shows that it dissociates in solution as follows: 

Ag(NH8)2Cl ;=± Ag(NH8)2+ + Cl" 

To show the ionic changes involved in the above equations, the 
following expression is given: 

Ag+ + 2NH,^(Ag(NH8)2)+ 

According to the Law of Mass Action, the greater the degree 
of concentration of the Ammonia, the greater the tendency 
for the action to take place from left to right. In a 0.1 molar 
solution of Ammonia, the concentration of the (Ag(NH8)2)"*" 
ion is several times greater than the concentration of the Ag+ 
ion. The complex ion, (Ag(NH8)2)"*", is decidedly different 
from the Ag+ ion, just as the C108~ differs from the CI" ion. 

Similarly, when an excess of Potassium Cyanid, KCN, 
is added to insoluble Ferrous Cyanid, Fe(CN)2, the Iron salt 
dissolves according to the following equation: 

Fe(CN)2 + 4KCN -> K4(Fe(CN)6) 

This salt formed, Potassitmi Ferrocyanid, gives none of the 
ordinary reactions for Ferrous Iron, for the Iron is now a 

part of the complex ion, Ferrocyanidion, Fe(CN)8 , which 

has its own characteristic reactions. The stability of these 
complex ions varies. When very stable, the common reac- 
tions of the constituents of a complex ion are not shown. 

25. Double Salts. — Complex ions may be confused 
with the so-called double salts. Potassitmi Sulphate, K2SO4, 
and Aluminitmi Sulphate, Al2(S04)8. crystallize together 
forming the double salt, K2S04.Al2(S04)8.24H20 (also written 
Al2K2(S04)4.24H20). Upon dissolving this double salt in 
Water, the solution shows all of the reactions for the Potas- 
sium, the Aluminitmi, and the Sulphate ions, and there is 
little, if any, evidence of the formation of a complex ion. 
To determine whether a substance is a double salt or a com- 
plex ion, the characteristic reactions of the simple ions are 
tested for. However, it is probable that there is no sharp 
distinction between the double salts and the salts containing 
complex ions, for the double salts are most likely salts which 
contain a complex ion that is very unstable. 
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26. Hydrolysis. — This term is used to designate the 
decomposing action of Water upon many salts. Since Water 
is a very poor conductor of electricity, the compound is dis- 
sociated to a very slight extent : 

H2O ;=i H+ + OH- 
_The cause of hydrolysis, nevertheless, is the action of the ions 
of Water upon the ions of a dissolved salt, and the phenomenon 
is represented by the following equation; 



B+ + A- 
Salt 



± BOH + HA 
Base Acid 



Heat and dilution favor hydrolysis because of the greater 
dissociation of Water under these conditions. That hydroly- 
sis takes place in the cases of the following classes of salts 
is shown by the fact that solutions of neutral salts of Class A 
have an add reaction; those of Class B, an alkaline reaction; 
and those of Class C sometimes acid and sometimes alkaline. 
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Class A. Salts op Strong Acids and Weak Bases 

In this case the Acid formed through hydrolysis is 
almost completely dissociated, while the Base formed is but 
slightly dissociated; therefore the reaction in aqueous solu- 
tion is acid because of the presence of Hydrion, H+, in ap- 
preciable amount. Examples of this class are salts of Iron, 
Aluminium, Chromium, etc. 

Class B. Salts of Weak Acids and Strong Bases 

In this class the Base formed through hydrolysis is 
largely ionized, while the Acid is but shghtly dissociated. 
The reaction is therefore alkaline because of the presence of 
Hydroxidion, 0H~ in appreciable quantity. Examples of 
this class are the alkali salts of Boric {HjBOs). Carbonic 
(HjCOs), Hydrocyanic (HCN), Hypochlorous (HCIO), and 
Sulphydric (HjS) Acids. 

Class C. Salts of Weak Acids and Weak Bases 

Here the Adds and the Bases formed through hydroly- 
sis are only shghtly ionized, but to different degrees. If 
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the dissociation of the Acid is greater, the solution exhibits 
an acid reaction; if the dissociation of the Base is greater, 
an alkaline reaction. Thus, if neutral Ferric Acetate solu- 
tion is boiled, hydrolysis takes place according to the follow- 
ing equation: 

Pe(C2H802)8 + 2H2O ;=± Fe(OH)2C2H802 + 2HC2H8O3 

The basic Ferric Acetate is precipitated; but if the mixture 
is allowed to cool there is a tendency for the action to take 
place in the reverse direction (right to left) and some of the 
basic salt goes into solution. 

Class D. Salts of Strong Acids and Strong Bases 

These salts give through hydrolysis, Adds and Bases 
which are almost entirely ionized when in dilute aqueous 
solution; but the Hydrion, H+, and Hydroxidion, OH", 
are in equilibrium with non-ionized Water, and the solution 
is neutral in reaction and contains only as many H+ ions 
and OH" ions as correspond to the dissociation of Water, 
which is so small that there remains only the dissociation of 
the salt to be considered. Salts of this class are not subject 
to appreciable hydrolysis. 

27. Chemical Actions of Ions. — ^As already stated, 
the large majority of actions employed in qualitative analysis 
are actions between ions. The student has learned that prac- 
tically all chemical actions are reversible and has become 
familiar with some of the laws which govern this kind of 
chemical action. In analysis it is usually necessary to em- 
ploy actions which take place almost completely in a de- 
sired direction, for unless a chemical action can be made to 
go almost to completion in a desired direction it is of no 
value as a practical test or for furnishing a method of separa- 
tion. The actions applicable to qualitative analysis, then, 
are those which apparently go to completion. They may be 
divided into the following classes: 

(a) Those in Which a Gas Is Formed, — ^When a gas is 
formed as the result of a chemical action, and the gas escapes, 
the action will go to completion. Since all gases can be 
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boiled out of solution, all actions of this class can be made to 
go to completion. The fact that the action can be stopped 
by preventing the escape of the gas shows that the action is 
reversible. 

(i) Those in Which a Precipitate Is Formed, — ^When a 
substance like Silver Chlorid, AgCl, having a very small 
solubility product is formed through a chemical action, the 
greater part of it will be precipitated and the action will go 
practically to completion. Thus, a saturated solution of 
Silver Chlorid contains about 0.00001 mole of Silver Chlorid in 
a Liter. Therefore by adding an excess of Chlorin ions to a 
solution containing Silver ions it is possible to precipitate 
practically all of the Silver. 

^ (c) Those in Which a Non^onized Substance Is Formed. 
— The formation of a non-ionized substance also causes an 
action to go to completion. Thus Calcitmi Phosphate dis- 
solves in Hydrochloric Acid because more PO4 ions are 

formed from dissolved Calcium Phosphate than are formed 
from H2PO4" ions in the presence of an excess of H+ ions from 
the Hydrochloric Acid, and the action takes place because of 
the formation of a non-ionized substance. 

(d) Those in Which Oxidation Takes Place, — ^This term 
"Oxidation" used to be defined as the addition of Oxygen 
to an element. For example, when Yerroiis Oxid is heated in 
air, it* is converted into Feme Oxid, and the action is called 
oxidation. However, ¥&ctous Chlorid may be converted into 
Ferric Chlorid, and Stsumous Chlorid may be converted into 
StanniV Chlorid, and although the addition of Oxygen is not 
involved these also are called oxidations, therefore the present 
meaning of the term is decidedly more broad. The conver- 
sion of Ferrous Chlorid to Ferris: Chlorid by means of Chlorin 
may be expressed as follows: 

2FeCl2 + CI2 -> 2FeCl, 

or in terms of ionic theory: 

2Fe++ + CI2 -> 2Fe+++ + 201" 

That is, Diferrion is converted into Triferrion and the neutral 
Chlorin molecule has become converted into Chloridions. 
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So OXIDATION may be defined as an increase in the valence of 
an element or radical in the positive direction. 

Oxidation involves the assumption of positive charges 
or the loss of negative charges. An atom of an element, ac- 
cording to the electronic conception of the constitution of 
matter, consists of positively charged corpuscles and negatively 
charged corpuscles. These corpuscles are also called ** elec- 
trons." The mass associated with the positive electricity is 
much larger than that associated with the equal charge of 
negative electricity; and the number of electrons or corpuscles, 
positive and negative, which compose an atom is very likely 
a small multiple of the atomic weight of the element. An atom 
containing its positive and its negative charges is looked upon 
as a neutral atom. The mass associated with a unit nega- 
tive charge is so small that it may easily be lost, but only when 
the conditions are such that it is received by some other 
atom. A neutral atom which loses the negatively charged 
electron becomes positively charged, and the atom which 
receives the negatively charged electron becomes negatively 
charged. According to this theory then, an element is 
oxidized when it loses a negatively charged corpuscle or 
electron. It should be borne in mind that the negative 
electricity alone is transferred and that tl\e only way for an 
element to gain in the positive charge is by losing one or 
more negative electrons. Some of the most important 
OXIDIZING AGENTS are Chlorin, Bromin, Hydrogen Dioxid, 
Nitric Add, Potassium Bichromate, and Potassium 
Permanganate. 

(e) Those in Which Reduction Takes Place, — Reduction 
is the direct opposite to Oxidation, and, following the same 
line of thought in the foregomg paragraph, may be defined as 
an increase in the valence of an element or radical in the nega- 
tive direction. Reduction then involves the loss of positive 
charges or the assumption of negative charges, and an ele- 
ment is reduced when it receives a negatively charged cor- 
puscle or electron. Since any Oxidation involves a simul- 
taneous Reduction, the examples mentioned above under 
Oxidation can also be used to illustrate Reduction. Another 
example is expressed in the following equation: 

2Pe+++ + Sn++ -* 2Fe++ + Sn++++ 
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■fferrion or the Ferric ions are reduced to Diferrion or the 
FerroMj ions; while the StannoMs ions are converted to Stanrw'c 
ions. Oxidation and Reduction actions are reversible, and 
like all other chemical reactions, are effected by the concen- 
tration of the reacting substances. Some of the most im- 
portant REDUCING AGENTS are Nascent Hydrogen, Hydrogen 
Sulphid, Stannous Chlorid and Sulphurous Acid. 



THE METALS, BASES, OR CATIONS 

28. For simplicity, advantage is taken of the fact that 
certain Metals or Cations conduct themselves in a manner 
common to certain others and can be thrown out of solution 
(precipitated) by one Reagent. 

The Grouping in this manual is as follows: 

Group I 

Lead, Mercury (ous), and Silver: Each of these 
Cations furnishes in solution an Ion which forms an insoluble 
compound with the Chlorin Ion, (C1-) and is therefore 
precipitated by Hydrochloric Acid or any soluble Chlorid. 

Group 2 

Mercury (ic). Lead, Bismuth, Copper, and Cadmium: 
Each of these Cations furnishes in solution an Ion which 
forms an insoluble compound with the Sulphur Ion (S — ), 
in the presence of Hydrogen Ions, and is therefore precipi- 
tated from Acid solutions by Hydrogen Sulphid. Their 
Sulphids are insoluble in Ammonium Poly-sulphid. 



Group 3 

Arsenic, Antimony, Tin, Gold, and Platinum; Each 
of these Cations furnishes in solution an Ion which forms an 
insoluble compound with the Sulphur Ion in the presence 
of Hydrogen Ions, and is therefore precipitated, along with 
the Cations of Group 2, from Acid solutions by Hydrogen 
Sulphid. Their Sulphids are soluble in Ammonium Poly- 
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stilphid, and are separated from the Stilphids of Group 2 
by this solvent. 

Group 4 

Iron, Aluminium, and Chromium: These Cations 
furnish in solution Ions which form insoluble compounds 
with the Hydroxyl Ion (0H~), and are therefore precipitated 
from Alkaline solution by Ammoniimi Hydroxid in the 
presence of Ammonium Chlorid. (See 1[265, page 102.) 

^ GROUP 5 

Manganese, Zinc, Cobalt and Nickel: These ca- 
tions furnish in solution Ions which form insoluble com- 
pounds with the Sulphur Ion (S~ ") in the absence of any ap- 
preciable quantities of Hydrogen Ions, and are therefore 
precipitated from Alkaline solution by Hydrogen Sulphid. 

GROUP 6 

Barium, Strontium and Calcium : Each of these Ca- 
tions furnishes in solution an Ion which forms an insoluble 
compotind in warm solution with the Carbonate Ion (COs — ) , 
and is therefore precipitated from alkaline solution by 
Ammonium Carbonate. 

GROUP 7 

Sodium, Potassium, Magnesium, Ammonium and Lith- 
ium: These Cations are grouped together because all do not 
furnish in solution an Ion which will form an insoluble com- 
pound with ONE common reagent. 
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CHAPTER II 

GROUP 1 

Metals or Cations precipitated as Chlorides by Hydro- 
chloric Acid. 

LEAD (Plumbum) 

Symbol, Pb++. Atomic Weight, 207.2.* Valence II. 

29. Lead is a soft, malleable, bluish-gray metal. 
Freshly cut surfaces exhibit a metallic lustre. Puses at 
326*'C. S./G., 11.38. 

A solution of Lead Nitrate, Pb(N0s)2, or Lead Acetate, 
Pb(C2H802)2 may be used for the following tests: 

TESTS 

30. Hydrochloric Acid, HCl, and soluble chlorids 
produce in concentrated solutions heavy white precipitates of 
Lead Chlorid, PbCU, readily soluble in hot water. Insoluble 
in Ammonitmi Hydroxid, NH4OH, forming a Basic Lead 
Chlorid. Soluble with diffictdty in diluted adds. 

31. Hydrogen Sulphid, H2S, and soluble sulphids pro- 
duce black precipitates of Lead Sulphid, PbS. If much 
free Hydrochloric Add is present, a red predpitate of Lead 
Chlorosulphid is formed which is gradually converted into 
the black sulphid by the excess of Hydrogen Sulphid. The 
predpitate is insoluble in cold diluted adds, alkalis, alkali 
sulphids, and Potassium Cyanid. It is decomposed by hot 
Nitric Add, HNOa forming Lead Nitrate, Pb(N08)2, or Lead 
Sulphate, PbSOi, or both according to the concentration of 
the add. 

32. Soluble iodids like Potassitmi lodid, KI, produce 
yellow predpitates of Lead lodid, Pblg, soluble in excess of 

♦O = 16. 
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rpotassium lodid, in fixed alkalis. Sodium Thiosulphate, 

'■ NatSsO], and in hot solution of Anmionium Chlorid, NH4CI. 
33. Soluble chromates and dichromates like Potassium 
Chromate, KaCr04, produce yellow precipitates of Lead 
Chromate, PbCrOj, soluble in Potassium and Sodium Hy- 
droxids. KOH and NaOH. Insoluble in Acetic Acid, HCiHjOj. 

I 34. Potassium Hydroxid, KOH, Sodium Hydroxid, 

NaOH, and Ammonium Hydroxid, NH^OH, produce white 
precipitates of Lead Hydroxid, Pb(OH)j, insoluble in excess 
of Ammonium Hydroxid, but soluble in excess of Potassium 
and Sodium Hydroxids, forming the plumbite ion, PbOa — . 
With Lead Acetate, Ammonium Hydroxid does not imme- 
diately produce a precipitate owing to the formation of soluble 
Basic Lead Acetate. 

I 36. Sulphuric Acid, HsS04, and soluble sulphates pro- 

I duce fine white precipitates of Lead Sulphate, PbS04, soluble 
in solution of Ammonium Acetate, NH4CiHaOj. Dilute 
solutions do not immediately give a precipitate. When ad- 
missible the addition of a few drops of Alcohol facihtates 

■ precipitation. 

Blowpipe Test: Heated on charcoal with Sodium 

I Carbonate, NajCOs, produces a malleable globule of metallic 

I Lead. 



|MERCURY (Hydrargyrum) in MERCUROUS COM- 
POUNDS 



t Symbol, Rg*-. 



Atomic Weight, 200.6 



37. Mercury is a liquid at ordinary temperatures; it 
l.ie silver-white and has a bright metallic lustre. Solidifies 
|«t -39.4°C. Boihng point, SSr.S^C. S/G., 13.595. 

38. Mercury forms two series of compounds distin- 
[ as Mercurous and Mercuric. In the former, Mer- 

fcury is univalent, as in HgCl, Mercurous Chlorid or Cal- 
[-omel; in the latter series Mercury is bivalent, as in HgClj, 
I Mercuric Chlorid or Corrosive Sublimate. 

A solution of Mercurous Nitrate, HgNOa, may be used 
a making the following tests: 
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TESTS 

39. Hydrochloric Add, HCl, and soluble chlorids 
produce white precipitates of Mercurous Chlorid, HgCl, in- 
soluble in water and in dilute adds. Soluble in Nitrohydro- 
chloric Add, Nitric Add, and in Chlorin Water with the 
formation of Mercuric Chlorid, HgCU. Sodium, Potassium, 
Caldum and Ammonium Hydroxids decompose the predp- 
itate; the latter giving a black predpitate of metallic Mur- 
cury and Mercuric Aminochlorid, HgNH2Cl, and the other 
three Hydroxids giving black Mercurous Oxid, Hg20. 

40. Hydrogen Sulphid, H2S, and soluble sulphids pro- 
duce black predpitates of Mercurous Sulphid, HgjS, which 
breaks down into Mercuric Sulphid, HgS, and finely divided 
metallic Mercury. Insoluble in Potassitmi Cyanid, KCN; 
diluted adds, and Ammonitun Sulphid, (NH4)2S. Readily 
soluble in Nitrohydrochloric Add and Soditmi Disulphid, 
Na2S2. 

41. Soluble iodids like Potassitmi lodid, KI, produce 
yellowish-green predpitates of Mercurous lodid, Hgl, partly 
soluble in an excess of the predpitant forming Potassium 
Mercuric lodid, K2Hgl4, and metallic Mercury. 

42. Soluble chromates like Potassitmi Chromate, Kj- 
Cr04, produce bright red predpitates of Mercurous Chro- 
mate, Hg2Cr04 on boiling, soluble with diflBculty in Nitric 
Add, HNOa. 

43. Potassium Hydroxid, KOH, Soditmi Hydroxid, 
NaOH, and Caldtim Hydroxid, Ca(0H)2, produce black pre- 
dpitates of Mercurous Oxid, Hg20, insoluble in an excess of 
the predpitants. (See 1[39 for NH4OH.) 

44. A drop or two of a neutral or slightly add solu- 
tion of a Mercurous salt, when placed on a piece of clean 
bright Copper foil, produces a discoloration due to the depo- 
sition of metallic Mercury. Upon rubbing this with cloth 
the spot appears white and lustrous like silver. 

46. Heated with dry Sodium Carbonate, Na2C08, in 
a closed glass tube produces fine globtiles of metallic Mercury. 



Symbol, Ag+. 



SILVER (Argentium) 
Atomic Weight, 107.88. 



Valence, I. 



46. Silver is a pure white, lustrous, moderately hard, 
|very malleable metal. Fuses at 954''C. S/G., 10.575. 

A solution of Silver Nitrate, AgNOa, may be used for 
l-the following tests : 



a 
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47. Hydrochloric Acid, HCl, and soluble chlorids 

produce white, curdy precipitates of Silver Chlorid, AgCl, 

, which become dark upon exposure to sunlight. The precipi- 

Itate is soluble in Ammonium Hydroxid, NH4OH, forming 

I Silver Ammonium Chlorid, Ag(NH3)jCl. Reprecipitated by 

I adding an excess of Nitric Acid, HNOa- Also soluble in 

Potassium Cyanid, KCN, forming Potassium Silver Cyanid, 

KAg(CN)j. Soluble in concentrated Hydrochloric Acid and 

concentrated solution of the chlorids of the alkali metals; 

I reprecipitated by dilution with water. Insoluble in Nitric 

[Acid. 

L8. Hydrogen Sulphid, H^S, and soluble sulphids 
produce black precipitates of Silver Sulphid, AgjS, insoluble 
in diluted acids, alkalis, and alkali sulphids; but soluble in 
Potassium Cyanid, KCN. On boiling with Nitric Acid, 
HNOj, this precipitate is decomposed and dissolved, Sulphur 



49. Soluble iodids like Potassium lodid, KI, produce 
yellow precipitates of Silver lodid, Agl, soluble in 
Potassium Cyanid. KCN ; in very large excess of Ammonium 
1, NHiOH; and in concentrated solutions of Potas- 
. lodid. Insoluble in water, alcohol and diluted adds. 

60. Soluble chromates like Potassium Chromate, K2- 
produce dark brownish-red, precipitates of Silver 

Chromate, AgsCrO*, easily soluble in Nitric and Sulphuric 
HNOj and HsS04, and in Ammonium Hydroxid, 
l40H. 

61. Potassium Hydroxid, KOH, and Sodium Hydroxid, 
KaOH, produce grayish-brown precipitates of Silver Oxid, 
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tate indicates the presence of 
Lead. To the second portion add 
a few drops of a solution of Potas- 
sium Chromate; a yellow precipi- 
tate indicates the presence of 
Lead. 

69. The residue on the 
filter, insoluble in boiling water, 
is next washed with boiling water 
until free from Lead. {Test the 
wash water with diluted Sulphuric 
Acid if Lead has been found.) 
The wash water is rejected. The 
residue is then treated witii Ara- 
monium Hydroxid by pouring two 
portions, of about two cubic centi- 
meters each, over it on the paper. 
If the residue turns blade, the 
presence of Mbrcuky (in the 
Mercurous Condition) is in- 
dicated. 

60. The ammoniacal fil- 
trate obtained by the above treat- 
ment is then treated with diluted 
Nitric Acid until the liquid, after 
shaking, has an add reaction. 
(Test with litmus paper.) A 
white, curdy predpitate indicates 
the presence of Silver. 

COMUENTS 

61. In the foregoing separa- 
tion advantage is taken of the 
reactions of the three metals of 
Group 1 with Hydrochloric Acid, 
and the reactions of their chlorids 
with Ammonium Hydroxid and 
water. The preliminary evapo- 
ration on a water-bath is carried 
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out in case the solution is strongly acid in order to get rid of 
excessive Nitric Acid possibly present. The addition of diluted 
Hydrochloric Acid precipitates the Chlorids of Lead, Mercury 
(in the Mercurous condition) and Silver, since ozily these metals 
are capable of forming insoluble compounds with the Chlorin 
Ion. All three chlorids are white. 

62. Care must be taken to instire the addition of a 
sufficient amount of Hydrochloric Acid, or some of the nietals 
will remain in solution. However, a very large excess of the 
acid must be avoided since the presence of much acid would 
interfere with the use of Hydrogen Sulphid later, and this 
excess would give rise to the formation of small amounts of 
complex, soluble Stiver salts. 

63. The precipitate, consisting of Lead Chlorid, Mer- 
curous Chlorid and Silver Chlorid. is then treated with boil- 
ing water in order to separate the Lead Chlorid, the only 
one of the three soluble in water, from the chlorids of Mer- 
cury (ous) and Silver which are insoluble. 

64. The filtrate, containing only the Lead Chlorid in 
solution, produces insoluble white Lead Sulphate with Sul- 
phuric Acid, and insoluble yellow Lead Chromate with Po- 
tassium Chromate. 

65. The addition of Ammonium Hydroxid to the in- 
soluble residue, consisting of the Mercurous Chlorid and 
Silver Chlorid, causes the decomposition of the Mercurous 
salt with the formation of a black precipitate of metallic 
Mercury and Mercuric Aminochlorid, and also dissolves the 
Silver Chlorid, through the formation of the soluble ion, 
Ag(NH,).*. 

66. By neutralizing the Ammonium Hydroxid filtrate 
witji Nitric Acid, Silver Chlorid is again precipitated. 



CHAPTER IV 

Group 2 

Metals or Cations precipitated from Add solution as 
Sulphids by Hydrogen Sulphid, and whose Sulphids are 
insoluble in Ammonium Poly-stdphid.* 

MERCURY (Hydrargyrum) in MERCURIC COM- 
POUNDS 

Symbol, Hg++. Atomic Weight, 200.6. Valence II. 

(See Mercury in Mercurous Condition on Page 69.) 

A solution of Mercuric Chlorid, HgClj, may be used 
for the following tests: 

TESTS 

67. Hydrogen Sulphid, H2S, and soluble sulphids in 
small quantities produce white precipitates of (HgCl2)x(HgS)y, 
a mixture of chlorid iand stdphid. Upon the further addition 
of the reagent the precipitate becomes yellow, orange, brown- 
ish-red. When an excess of the precipitant has been added a 
black precipitate of Mercuric Stdphid, HgS, is produced. 
The precipitate is soluble in Potassium Stdphid, K2S, and 
Sodium Sulphid, Na2S, but not in Potassium or Sodium 
Hydroxid. Also soluble in Aqua Regia. Insoluble in Am- 
monium Poly-sulphid, (NH4)2Sx; and Potassium Cyanid, 
KCN. 

68. Potassium Hydroxid, KOH, and Sodium Hydroxid, 
NaOH, produce yellow precipitates of Mercuric Oxid, HgO. 
The precipitate is insoluble in an excess of the precipitant, 
but is soluble in diluted Hydrochloric and Nitric Acids. 

* Colorless Ammonium Sulphid — (NH4)jS. The Poly-sulphid is 
the yellow variety — a mixture of higher Sulphids, as (NH4)iS4; (NH4)jS»; 
(NH4),S7. 

66 
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MERCURIC COMPOUNDS D? 

Small quantities of the precipitant produce a brownish-red 
precipitate of a basic salt. 

69. Ammoniiim Hydroxid, NHiOH, with a solution of 
Mercuric Chlorid produces a white precipitate of Mercuric 
Aminochlorid, HgNHjCl. The precipitate is insoluble in 
excess of the precipitant, but is soluble in Hydrochloric Acid, 
HCl; Nitric Add, HNOj; Acetic Acid, HCHaOs; Anunonium 
Carbonate, {NH4)iC03; and Sodium Thiosulphate, Na,SjOa. 

70. With metallic Copper the same reaction is pro- 
duced as with Mercurous compounds. {See Page 60, 1[44.) 

71. Soluble iodids like Potassium lodid, KI, produce 
bright red precipitates of Mercuric lodid, Hglj. The pre- 
cipitate is soluble in an excess of the precipitant forming, 
with an excess o£ Potassium lodid, the complex compound, 
XiHgl^. It is also soluble in hot concentrated Nitric Add, 
HNO,; and in Sodium Thiosulphate, Na^SjO,. 

72. Stannous Chlorid, SnClj, added in small quantity 
to a solution of a Mercuric salt containing a small amount of 
Hydrochloric Acid, produces a white predpitate of Mercu- 
rous Chlorid, HgCl. This is converted into metallic Mer- 
cury by the addition of more of the reagent. 

73. Use some dry Mercuric Chlorid, HgClj, for the 
following. Heated with an excess of Sodium Carbonate, 
NajCOi, in a closed glass tube produces globules of metallic 
Mercury, 

COPPER (Cuprum) 



Symbol, Cu+i 



Atomic Weight, 63.57. Valence, I, II. 



74. Copper is a reddish, lustrous, moderately hard, 
maUeable metal. S/G., 8.94. Melting Point, 1200°C. 

A solution of Copper Sulphate, CuSOi, may be used 
for the following tests: 



76. Hydrogen Sulphid, HjS, or a soluble sulphid, pro- 
duces a brownish-black predpitate of Cupric Sulphid, CuS. 
The predpitate is insoluble in diluted adds and caustic 
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alkalis. Soluble in hot Nitric Add, HNOs, and slightly so 
in Ammonium Sulphid, (NH4)2S. Also in Potassium Cyanid, 
KCN, forming a colorless, complex cuprous ion, Cu(CN)2"". 

76. Potassium Hydroxid, KOH, and Sodium Hydroxid, 
NaOH, produce light blue, flocculent precipitates of Copper 
Hydroxid, Cu(0H)2. The precipitate is insoluble in an excess 
of the precipitant. On boiling, the precipitate becomes 
brownish-black due to the formation of CuO. Soluble in 
Hydrochloric Add, HCl; Nitric Add, HNOs; and Sulphuric 
Add, H2SO4. 

77. Ammonium Hydroxid, NH4OH, in small amotmts 
produces a greenish-blue predpitate of a basic cupric salt 
[Cu2(OH)S04] which is soluble in an excess of the predpitant 
producing a deep blue solution, due to the formation of a 
compound having the composition Cu(NH8)4S04, (ion,- 

CU(NH8)4++). 

78. Potassium Perrocyanid, K4Pe(CN)«, produces a 
reddish-brown predpitate of Copper Perrocyanid, Cu2Pe(CN)6. 
The predpitate is insoluble in diluted adds, but Potassium 
and Sodium Hydroxid decxwnpose it. The reagent produces 
only a red color in very dilute solutions. 

79. Potassium lodid, KI, produces a predpitate of 
Cuprous lodid, Cul, which is whitish, but here appears dark 
because of the free lodin present. The lodin ion here acts 
as a redudng agent, and is itself oxidized to elementary or 
molecular lodin. 

80. Potassitmi Cyanid, KCN, produces a predpitate 
of Cuprous Cyanid, CuCN, which readily dissolves in an 
excess of the reagent because of the formation of the color- 
less, complex ion Cu(CN)2~. In this reaction a part of the 
Cyanogen ions acts as a redudng agent and passes oS as 
free Cyanogen, (CN)2. Hydrogen Stdphid, H2S, will not 
predpitate the copper from this solution because the concen- 
tration of Copper as ion from the complex Cyanogen ion,^ 
Cu(CN)2", is so small. 

81. Use some dry Copper Sulphate, CUSO4, for the 
following. Heated on Charcoal with Soditmi Carbonate, 
NajCOs, in the redudng flame produces a reddish residue of 



I 



Copper. Copper imparts a green color to the 
Bunsen flame, and from a green to blue color to the Borax 
Bead. 



Symbol, Bi+^+. Atomic Weight, 208. Valence, III. 

82. Bismuth is a reddish-white, brittle, aystalline 
metal. S./G., 9.82. Melting point, 264''C. 

An acid solution of Bismuth Nitrate, Bi(N03)s, or 
} Bismuth Chlorid, BiClg, may be used for the following tests: 



83. Hydrogen Sulphid, HjS, and soluble sulphids pro- 
duce brown precipitates of Bismuth Sulphid, BisSj. The 
precipitate is insoluble in diluted acids, alkalis, alkali sul- 
phids and Potassium Cyanid, KCN. It dissolves in boiling 
Nitric Acid, HNO3, forming Bismuth Nitrate, Bi(N03)j, 
and is also soluble in hot, concentrated Hydrochloric Acid, 
HCl. 

84. Potassiiun Hydroxid, KOH, and Sodiiun Hydroxid, 
NaOH, produce white, amorphous precipitates of Bismuth 
Hydroxid, Bi(OH)s- The precipitate is insoluble in an excess 
of the precipitant, but soluble in Sulphuric, Nitric and Hy- 
drochloric Acids, and in hot, concentrated, fixed hydroxides, 
KOH and NaOH. On heating, the precipitate turns yellow; 
(Bi(OH), = BiOOH + HjO). 

86. Anunoniimi Hydroxid, NHjOH, precipitates a 
white Basic Salt, the composition varying with the concentra- 

L^tion and temperatiu'e. 

P 86. Soluble carbonates like Sodium Carbonate, Naj- 

COi, produce white precipitates of Basic Bismuth Carbonate, 
(BiO)jC03 or Bi20(C03)i. Soluble in Hydrochloric and 
Nitric Acids, HCl and HNOj. Insoluble in excess of the 
precipitant and in Potassium Cyanid, KCN. 

87. Soluble chromates like Potassium Chromate, Kj- 
CrO*, give yellow precipitates of Basic Bismuth Chromate, 

I (BiO)»Cr04, The precipitate is insoluble in Potassium Hy- 
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droxid, KOH; Sodium Hydroxid, NaOH; and diluted Acetic 
Acid, HCjHsOj. 

88. The addition of a large amount of water to solu- 
tions of Bismuth salts produces a white precipitate of some 
basic salts, as BiOCl, by hydrolysis. Much free acid interferes. 

89. The addition of a solution of Stannous Chlorid, 
SnCU, in Sodium or Potassitmi Hydroxid, gives a black 
precipitate of metallic Bismuth. 

90. Use either one of the dry Bismuth salts for the 
following. Heated with Sodium Carbonate, Na2C08, on 
charcoal in the reducing flame produces a brittle globule of 
metallic Bismuth. 

CADMIUM 

Symbol, Cd++. Atomic Weight, 112.4. Valence II. 

91. Cadmitim is a white, lustrous, ductile, malleable 
metal. S./G., 8.54. Melting point, SIS^'C. 

A solution of Cadmitim Nitrate, Cd(N08)2, or Cadmitim 
Sulphate, CdS04, may be used for the following tests: 

TESTS 

92. Hydrogen Sulphid, H2S, and soluble sulphids 
produce bright yellow precipitates of Cadmium Sulphid, 
CdS. The precipitate is insoluble in diluted acids, alkalis, 
Ammonium Poly-sulpkid and Potassium Cyanid, KCN. 
It is soluble in boiling Nitric and Hydrochloric Adds and in 
diluted Sulphuric Acid. The presence of much acid in a 
solution retards precipitation. Hastened by dilution with 
water. 

93. Potassium Hydroxid, KOH, and Sodium Hydroxid, 
NaOH, produce white precipitates of Cadmium Hydroxid, 
Cd(0H)2. The precipitate is insoluble in an excess of the 
precipitant, but is soluble in Hydrochloric, Nitric and Sul- 
phuric Acids. 

94. Ammonium Hydroxid, NH4OH, produces the same 
result as the above, but the precipitate is readily soluble in 
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an excess of the precipitant, forming the complex ion 
Cd(NH,)4- 



96. Potassium Cyanid, KCN, added to a neutral or 
ammoniacal solution produces a white precipitate of .Cad- 
mium Cyanid, Cd(CN)2. The precipitate is soluble in an 
excess of the precipitant forming the complex ion Cd(CN)4 — . 
Hydrogen Stdphid, H2S, precipitates the Cadmium from the 
solution as yellow Cadmitmi Stdphid, CdS. 

96. Potassitmi Carbonate, K2CO2, and Soditmi Car- 
bonate, Na2C08, produce white precipitates of Cadmitmi 
Carbonate, CdCOa. The precipitate is insoluble in an excess 
of the precipitant, but is soluble in Potassium Cyanid and 
in Hydrochloric, Nitric and Sulphuric Adds. Ammonium 
salts interfere with precipitation. 

97. Ammonium Carbonate, (NH4)2C08, produces the 
same precipitate as the above but the precipitate is slightly 
soluble in an excess of the precipitant. 

98. Use either one of the dry salts for the following: 
Heated with Sodium Carbonate, Na2C08, on charcoal in the 
reducing flame produces deep yellow to reddish-brown in- 
crustations of Cadmium Oxid, CdO. 



CHAPTER V 

Separation of Group 2 

99. After carefully studying and carrying out the tests 
for the metals of this Group, the student will proceed with 
the following separation, using a weak, acid (HCl) solution 
of salts of the members of this Group, or the filtrate from 
Group 1. 

100. The filtrate obtained from Group 1 (after precipi- 
tating the metals of that Group with Hydrochloric Add), 
or the solution in which Hydrochloric Acid failed to pro- 
duce a precipitate, if strongly acid is evaporated to dryness on 
a water-bath to remove excess of acid added and Nitric Acid, 
if present in large amounts, and then redissolved in 40 Cc. of 
water using a few drops of Nitric Acid if necessary to make a 
clear solution. Next 3 to 4 Cc. of concentrated Hydrochloric 
Acid are added; it is then warmed nearly to boiling and satu- 
rated with. Hydrogen Stdphid gas until cold and until it has the 
odor of the gas after blowing oflE the gas above the liquid. 
It is then diluted with 60 Cc. of water and saturated with 
Hydrogen Stdphid again. 

101. This treatment will serve to precipitate Groups 
2 and 3 as insoluble Stdphids. The Stdphids of Group 2 
are basic in character and are insoluble in Ammonium Poly- 
sulphid. Those of Group 3 are acid in character and are 
dissolved by Ammonitim Poly-sulphid. 

102. The mixture is therefore filtered, and the filtrate 
tested with more Hydrogen Stdphid gas in order to insure 
that the precipitation by this reagent is complete. The 
precipitate is well washed with water. The filtrate, con- 
taining possibly metals of Groups 4, 5, 6 and 7, is reserved for 
further treatment. The wash water is rejected. 

103. The washed precipitate on the paper, consisting 
of the Stdphids of Groups 2 and 3, is then washed from the 
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paper into a beaker by breaking a hole in the lower part 
of the filter with a clean glass rod, and pouring a solution 
of Ammonium Poly-sulphid thru and thru until all the 
precipitate has been washed off. 

104. Shake the mixture well and warm it slightly, then 
filter. 

106. The filtrate, which contains the metals of Group 
3, is reserved for treatment described in Chapter VII. 

106. The residue on the paper, insoluble in Ammonium 
Sulphid and which consists of the Sulphids of Lead, Mercury 
{in Mercuric condition), Bismuth, Copper (all black) and 
Cadmium (yellow), is washed with water and then washed 
off the paper with diluted Nitric Acid, in the same way as 
before, into an evaporating dish. An excess of the add 
must be avoided. 

107. This add mixture is boiled, adding water from 
time to time to replace that lost by evaporation. The mix- 
ture is heated until no further change occurs and it is then 
filtered. The filtrate is set aside. 

108. All of the metals of this Group are dissolved with 
the exception of Mercury (See "Comments" on Group 2, U 
125.) This remains on the filter as a black predpitate. It is 
washed with water, removed from the paper and dissolved 
in a small quantity of Nitrohydrochloric Add. 

109. If the residue left after the treatment with boil- 
ing, diluted Nitric Add is light yellow and floats on the sur- 
face, it is Sulphur and the absence of Mercury (ic) is 
indicated. 

110. The Nitrohydrochloric Add mixture is heated to 
expell the Hydrochloric Add and Nitrosyl Chlorid and is 
diluted with three or four times its volume of water. 

111. After mixing thoroughly, filter, and to the filtrate 
add some solution of Stannous Chlorid. A white to grayish- 
black predpitate indicates the presence of Mercury (ic). 
The filter paper and any undissolved material is rejected. 
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112. The filtrate obtained by boiling the Sulphides 
insoluble in Ammonium Poly-sulphid with diluted Nitric 
Acid and filtering is now examined for the remaining metals 
of Group 2. 

113. Evaporate a small portion of this solution to 
free from excess of acid and increase the insolubility of the 
precipitate sought, add some concentrated Sulphuric Acid 
and allow it to stand. A white precipitate indicates the 
presence of Lead. 

114. If Lead is found by the foregoing treatment, the 
remainder of the solution is heated to expell excess of acid 
and then concentrated Sulphuric Acid is added. After 
standing, the precipitate formed is filtered out and rejected. 

116. If Lead is not found, the treatment of the re- 
mainder of the solution with concentrated Sulphuric Add is 
omitted. 

116. The filtrate freed from Lead, or the solution with 
which Stdphuric Acid failed to produce a precipitate, con- 
tains the other metals of Group 2: Bismuth, Copper and 
Cadmium. Add to it Ammonium Hydroxid until it is dis- 
tinctly alkaline in reaction after shaking. 

117. If a precipitate forms, filter the mixture. Reserve 
the filtrate and wash the precipitate well with water. Then 
dissolve it in a very small quantity of diluted Hydrochloric 
Acid. Evaporate the acid solution to a few drops, and pour 
it into a test-tube full of water. Allow the mixture to stand. 
The appearance of a milky turbidity indicates the presence of 
Bismuth. 

118. The filtrate obtained by adding Ammonium Hy- 
droxid until alkaline and filtering is next examined. If it is 
blue, the presence of Copper is indicated. To confirm this, 
evaporate a small portion nearly to dryness, add a little 
water and sufficient Acetic Acid to make the solution just 
acid. Then add some solution of Potassitmi Ferrocyanid. 
A reddish-brown precipitate proves the presence of Copper. 

119. If Copper is found, the balance of the filtrate is 
saturated with Hydrogen Stdphid gas, and then boiled with 
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diluted Stdphtiric Add. The Copper will remain undissolved. 
Filter the solution and pass Hydrogen Sulphid gas thru the 
filtrate. A yellow precipitate indicates the presence of 
Cadmium. 

120. If Copper is not found, the treatment of the bal- 
ance of the filtrate with diluted Sulphuric Add is omitted, 
and Cadmium is tested for directly with Hydrogen Sulphid. 

COMMENTS 

121. In the foregoing separation advantage is taken 
of the reactions of the metals of this Group with Hydrogen 
Sulphid, and the insolubility of their Stdphids in Ammonium 
Poly-sulphid. It must be remembered that the Sulphids of 
Group 3 are predpitated with those of Group 2. These 
however are dissolved out by the Ammonium Poly-sulphid, 
and its addition serves to separate these two groups. 

122* As already stated the metals of Group 1 are pre- 
dpitated by Hydrochloric Add. Mercurous Mercury and 
Silver are separated perfectly if the method is properly fol- 
lowed, but the predpitant fails to separate Lead completely, 
since its chlorid is slightly soluble in water. Therefore, it 
must be tested for in Group 2. 

123. The addition of Hydrogen Sulphid to a solution of 
the add freed residue obtained by evaporating the filtrate 
from Group 1, or to a solution free from the metals of that 
group, predpitates the Sulphids of Mercury (ic). Lead, Bis- 
muth, Copper, Cadmium, Arsenic, Antimony, Tin, Gold and 
Platinum. It is important that the addifying and saturating 
described in 1[100 be carried out carefully, otherwise the separa- 
tion of the groups will be incomplete. 

124. Upon the addition of Ammonium Poly-sulphid to 
the predpitate, the Sulphids of Arsenic, Antimony, Tin, Gold 
and Platinum (the metals of Group 3), are dissolved, leav- 
ing the Sulphids of Mercury (ic). Lead, Bismuth, Copper and 
Cadmium unaffected. These are removed by filtration. 

126. Boiling the insoluble Stdphids of Mercury (ic), 
Lead, Bismuth, Copper and Cadmitmi with diluted Nitric Add 
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converts the last four sulphids to soluble nitrates. The Mer- 
curic Sulphid remains unchanged as an insoluble residue. 
If only a light yellow residue that floats on the surface re- 
mains, Mercury (ic) is absent. This light yellow residue is 
due to the separation of Sulphur from the Ammonium 
Sulphid. 

126. The Mercuric Sulphid is dissolved in Nitrohydro- 
chloric Acid and forms Mercuric Chlorid, which reacts with 
Stannous Chlorid forming insoluble Mercurous Chlorid. An 
excess of the reagent converts this into metallic Mercury 
which appears as a grayish or black precipitate. 

127. Having removed the Mercury, the filtrate, con- 
taining the remaining metals of this group, is evaporated 
to free from excess of Nitric Acid and increase the insolu- 
bility of the Lead Stdphate to be formed if Lead is present, and a 
small portion is tested for Lead by adding concentrated Sul- 
phuric Acid. If present, a white precipitate of Lead Stdphate 
is formed, and the balance of the filtrate is freed from Lead 
by the addition of more acid, which converts all of the Lead 
to insoluble Lead Sulphate, while the Bismuth, Copper and 
Cadmium remain in solution. 

128. The addition of Ammonitmi Hydroxid in excess 
to the filtrate, containing the Bismuth, Copper and Cadmium 
converts them to Hydroxids; those of Copper and Cadmium 
are soluble in an excess of the reagent, but the Bismuth 
Hydroxid is insoluble. 

129. The precipitate, which consists of Bismuth Hy- 
droxid, is dissolved in diluted Hydrochloric Acid and is con- 
verted to Bismuth Chlorid. After the removal of the excess 
of the acid, it forms the white insoluble Oxychlorid upon 
pouring into a test-tube of water. (This precipitate is soluble 
in an excess of acid.) 

130. A portion of the filtrate containing the Copper 
and Cadmiimi is treated with a few drops of Potassium Perro- 
cyanid, after making acid with Acetic Acid. The Copper 
compound is converted into insoluble Copper Perrocyanid. 
Only a reddish color is produced if the solution is very dilute. 
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131* If Copper is found, the balance of the solution is 
treated with Hydrogen Sulphid. This converts the com- 
pounds into insoluble Sulphids. 

132. Upon boiling these with diluted Sulphuric Add, the 
Cadmium Sulphid is dissolved, while the Copper Sulphid 
remains unchanged. 

133* The filtrate containing the Cadmium is treated 
with Hydrogen Sulphid, which precipitates yellow Cadmium 
Sulphid. 

134. If Copper is not found by the Potassium Ferro- 
cyanid test, the filtrate is tested directly for Cadmium with 
Hydrogen Sulphid. 



CHAPTER VI 

Qroup 3 

Metals or Cations precipitated from Acid solution as 
Sulphids by Hydrogen Sulphid, and whose Sulphids are 
soluble in Ammonium Poly-stdphid.* 

ARSENIC (Arsenicum) 

Symbol, As »+•»+. Atomic Weight, 74.96. Valence III, V. 

136. Arsenic is a steel-gray, highly lustrous, very brit- 
tle metal. S./G., 6.727. 

Arsenic forms two series of compounds: Arsbnious 
and Arsenic compounds. They differ in a ntunber of their 
important reactions. 

ARSENIC in ARSENIOUS Compounds 

An alkaline solution of Sodium Metarsenite, NaAs02, 
may be used for the following tests: 

TESTS 

136. Hydrogen Sulphid, H2S, and soluble sulphids in 
acid solutions, produce bright yellow precipitates of Arsen- 
ious Sulphid, As2Ss. Soluble in alkalis, normal alkali carbon- 
ates and Alkali Sulphids. 

137. Silver Nitrate, AgNOs, in neutral or slightly 
alkaline solutions, produces a bright yellow precipitate of 
Silver Arsenite, AgsAsOs. The precipitate is soluble in Ni- 
tric Acid, HNOj, Ammonium Hydroxid, NH4OH and slightly 
so in Ammonium Nitrate, NH4NOJ. 

138. Copper Sulphate, CUSO4, in neutral solutions, 
produces a yellowish-green flocculent precipitate of Copper 

♦ (NH4),S.. 
79 
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Arsenite, CuHAsOs, (Scheele's Green). The precipitate is 
soluble in Potassium Hydroxid, KOH; and Sodium Hydroxid 
NaOH; giving blue solutions in which reddish-brown precipi- 
tates of Cuprous Oxid, CU2O, are formed upon boiling. 

139. Mixed with a small amount of Hydrochloric 
Acid, HCl, and heated with a perfectly dean, bright strip 
of Copper foil produces an iron-gray film of Copper Arsenid, 
Cu6As2, which adheres to the foil. This is a very delicate 
reaction and is known as the Reinsch Test. Upon wash- 
ing and drying the coated Copper foil and heating it in a 
dry glass tube, the Arsenic volatilizes and forms a white 
deposit of Arsenious Oxid, AS2O8, on the cooler part of the 
tube. 

140. Marsh's Test.— ^This test serves to detect very 
minute quantities of Arsenic. If Zinc, Water and Sulphuric 
Add, H2SO4 or Hydrochloric Add, HCl, are added to a 
solution containing Arsenic, the very poisonous compound 
Hydrogen Arsenid, AsHs,* is formed. The test may be car- 
ried out as follows: To a flask for generating Hydrogen gas 
attach a tube filled with Caldum Chlorid, CaCU, to dry 
the gas. To this attach in a horizontal position a hard 
glass tube which has been drawn out at various points and 
which terminates in a jet. Place some metallic Zinc, which 
must be free from Arsenic, in the flask and cover with water. 
Then pour in a little Hydrochloric Add, HCl, which must also 
he free from Arsenic, diluted with three parts of water. Con- 
tinue adding the diluted add until a continuous stream of 
Hydrogen is produced. After making sure that all air has 
been expelled from the apparatus, ignite the gas escaping at 
the jet. (It is advisable to cover the apparatus with a 
towel before lighting the jet to guard against acddents in 
case of an explosion.) It is now absolutely necessary to in- 
stire the absence of Arsenic in the Zinc and Hydrochloric Add 
used in this test. This is done by heating the glass tube 
near one of the constrictions and on the side toward the 
generator, or by holding a porcelain dish down over the 
flame burning at the jet. If both Zinc and Hydrochloric Add 
are NOT free from Arsenic, a black mirror will form on the 

* Extreme care must be observed in working with this gas. 
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tube jtist beyond the portion being heated, or the porcelain 
dish used will be coated with a brownish-black mirror. If no 
mirror is formed the reagents used are free from Arsenic, 
and the solution to be tested for Arsenic is poured into the 
flask through the funnel tube. The glass tube is then heated 
as before or a dean porcelain dish is held down over the 
flame from the jet. If Arsenic is present in the solution, the 
brownish-black deposits, described above, will form in the 
tube or on the dish. The deposits are soluble in Sodium 
Hypochlorite, NaClO. (Distinction from Antimony.) If 
the gas from the jet is passed into a solution of Silver Ni- 
trate, AgNOs, a precipitate of metallic Silver is produced. 
By adding to this Hydrochloric Add, HCl, filtering, and 
passing Hydrogen Sulphid, H2S, through the filtrate the 
Arsenic will be predpitated as yellow Arsenic Sulphid. 

141. Magnesia Mixture produces no predpitate with 
Arsenious compounds. (See Arsenic compounds.) 

142. Use some dry Sodium Arsenite, NaAs02, for the 
following. Heated with Sodium Carbonate, Na2C08 on 
charcoal in the reducing flame produces an odor of garlic. 

ARSENIC in ARSENIC Compounds 

A solution of Sodium Arsenate, Na2HAs04, may be 
used for the following tests: 

TESTS 

143. Hydrogen Sulphid, H2S, and soluble sulphids, in 
add solutions, produce yellow predpitates of Arsenic Sul- 
phid, AS2S6; soluble in Ammom'um Sulphid, insoluble in 
concentrated Hydrochloric Add, HCl. 

144. Silver Nitrate, AgNOs, in neutral solutions, pro- 
duces a reddish-brown predpitate of Silver Arsenate, Ag8As04. 
The predpitate is soluble in Nitric Add, HNOs and Ammo- 
nium Hydroxid, NH4OH, and slightly so in Ammonium 
Nitrate, NH4NO8. 

146. Copper Sulphate, CUSO4, added to a neutral solu- 
tion, produces a bluish-green predpitate of Copper Arsenate, 

6 
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CuHAs04. Soluble in an excess of Ammonium Hydroxid, 
and in acids. 

146. With Copper foil and Hydrochloric Add, HCl, the 
same result is obtained as with Arsenious compounds. 
(Reinsch's Test.) 

147. Marsh's Test will give the same result as with 
Arsenious compounds. 

148. Magnesia Mixture* produces a white crystal- 
line precipitate of Magnesitmi Ammonium Arsenate, MgHN4- 
ASO4.6H2O. If a small portion of the precipitate is dis- 
solved in a drop of Nitric Acid, HNOa, and a little Silver 
Nitrate, AgNOs, added, upon carefully neutralizing with 
Ammonium Hydroxid, NH4OH, a reddish-brown precipitate 
of Silver Arsenate, Ag8As04, is formed. 

149. Heating the dry substance on charcoal with 
Soditun Carbonate, Na2C08, in the reducing flame will give 
the same results as with Arsenious compounds. 

ANTIMONY (Stibium) 
Symbol Sb.3+; «+. Atomic Weight, 120.2. Valence, III, V. 

150. Antimony is a lustrous, hard, brittle, bluish-white 
metal. Melting point, 425°C. S./G., 6.7. 

A solution of Antimony Chlorid, SbCU, may be used 
for the following tests: 

TESTS 

161. Hydrogen Sulphid, H2S, and soluble sulphids pro- 
duce orange-red precipitates of Antimonious Sulphid, Sb2S8, 
in acid solutions. The precipitate is soluble in Potassium 
and Sodium Hydroxids, KOH and NaOH, Alkali Sulphids, 
and in concentrated Hydrochloric Acid, HCl. Insoluble in 
Ammonium Carbonate, (NH4)2C08. (Distinction from 
Arsenic.) 

* The Ammonium Chlorid in Magnesia Mixture is added to 
redissolve the precipitated Magnesium Hydroxid, Mg(OH)j, first 
formed by Ammonitmi Hydroxid, by keeping the concentration of the 
hydroxyl (-0H) as ion below that necessary for the precipitation of 
Mg(OH),. 



ANTIMONY 



83 



162. Sodium, Potassium and Ammonium Hydroxids, 
\ KOH, NaOH and NHtOH, produce white, bulky precipi- 
tates of Antimonious Hydroxid, Sb{OH)j, soluble in excess 
of the first two, but insoluble in excess of the last. Insol- 
uble in solutions of Sodium, and Potassium Carbonates. 
NaiCOj and KjCOa. Tartrates prevent the precipitation. 



163. On pouring a solution of an Antimonious salt into 
a large quantity of water, a white precipitate consisting o£ a 
mixture of SbOCl and Sb^Os is formed, except in the presence 
W large amounts of acids. 








HCl, and heated on a piece of bright Copper foil, yields a 
grayish or black film or coating on the Copper, Upon wash- 
ing and drying the Copper foil and heating it in a dry glass 
tube, the Antimony volatilizes and forms a deposit of Anti- 
monious Oxid, SbsOs, on the cooler part of the tube. (Com- 
pare with the Reinsch Test for Arsenic.) 

165. Marsh's Test.— Zinc and diluted Hydrochloric 
(Acid, HsS04, yield, with a solution containing Antimony, the 
' gaseousproductHydrogenAntimonid, SbHs. The test should 

be carried out in the same kind of apparatus used for making 
the Marsh's Test for Arsenic. On heating the tube near the 
contracted part, a black mirror will form as with Arsenic. 
By holding a porcelain dish in the ignited gas at the jet, a 
deposit will be obtained similar to that obtained with the 
Arsenic. In this case the mirror is Antimony and is insoluile 
in a solution of Sodium Hypochlorite, NaClO. (Distinction 
from Arsenic.) If the gas from the jet is passed into a solu- 
tion of Silver Nitrate, AgNOa, both Silver and Antimony 
are precipitated as black precipitates. The Antimony may 
be dissolved from this by boiling with a concentrated solu- 

itioo of Tartaric Acid, HiC4H40(, and may be reprecipitated 
BS an orange-red precipitate of Antimonious Sulphid, SbjSa. 
(Compare with Marsh Test for Arsenic.) 

166. Metallic Zinc reduces Antimonious solutions, the 
Antimony separating as a black powder. If the test is made 
in the presence of a piece of Platinum foil, a small piece of 

inc being placed on the foil, a black stain is formed on the 
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Platintim. Soluble in Nitric Acid, HNO3. Insoluble in 
Hydrochloric Acid, HCl. 

167* Heated on Charcoal with Sodium Carbonate, 
Na2C08, in the reducing flame, yields brittle, white globules 
of metallic Antimony. 

TIN (Stannum) 

Symbol, Sn^+J *+. Atomic Weight, 118.7. Valence, II, IV. 

158. Tin is a bluish-white, lustrous, soft, malleable 
metal. Melting point, 228°C. S./G., 7.29. 

159. Tin forms two series of compounds, known re- 
spectively as Stannous, as SnO, Stannous Oxid; and Stan- 
nic, as Sn02, Stannic Oxid. 

TIN in STANNOUS Compounds 

A solution of Stannous Chlorid, SnCh, may be used 
for the following tests: 

TESTS 

160. Hydrogen Sulphid, H2S, and soluble sulphids pro- 
duce dark brown precipitates of Stannous Sulphid, SnS, 
soluble in Ammonium Poly-sulphid, (NH4)2S„ forming a 
sulphostannate ion, SnSa — , the valence being changed to IV, 
but insoluble in colorless Ammonitmi Sulphid, (NH4)2S. 

161. Sodium and Potassium Hydroxids, NaOH and 
KOH, produce white precipitates of Stannous Hydroxid, 
Sn(0H)2, soluble in excess of the precipitant, forming Stannite, 
(Sn02 — ), ion. 

162. Ammonitim Hydroxid, NH4OH, produces a white 
precipitate of Stannous Hydroxid, Sn(0H)2, insoluble in 
excess of the precipitant. 

163. A few drops of a very diluted solution of a 
Stannous salt added to a very diluted solution of Ammonium 
Molybdate, NH4HM0O4, form an intense blue color. 



164. Mercuric Chlorid, HgCIj, added in excess, pro- 
duces a white precipitate of Mercurous Chlorid, HgCl, owing 
to the reduction of the Mercuric salt. 

166. Metallic Zinc mixed with Hydrochloric Acid, 
HCl, produces a heavy gray precipitate of metaUic Tin. 
If performed on a piece of Platinum foil, the metallic Tin 
does not adhere to the Platinum. Soluble in hot Hydro- 
chloric Acid. (Difference from Antimony.) 

166. Heated on Charcoal with Sodium Carbonate, 
NajCOs, in the reducing flame produces white, ductile globules 
of metallic Tin covered with whitish SnO^ when cooled. 



t 



TIN IN STANNIC Compounds 



A solution of Stannic Chlorid, SnCl^, may be used for 
the following tests: 



I 



167. Hydrogen Sulphid, HjS, and soluble sulphids pro- 
duce light yellow precipitates of Stannic Sulphid, SnSi, sol- 
uble in Ammonium Poly-sulphid (forming SnSs — ), alkali 
hydroxids, and concentrated Hydrochloric Acid, HCl. Nearly 
insoluble in Ammonitmi Carbonate, {NH4)]iCOs. 

168. Sodium and Potassium Hydroxids, NaOH and 
EOH, produce white precipitates of Stannic Hydroxid, 

Bn(OH)i, soluble in excess, forming KiSn04 or Na4Sn04. 

169. Ammonium Hydroxid, NHtOH, produces the 
me as the above, the precipitate being soluble in Pojassium 

ffld Sodium Hydroxids. 

170. Sodium Sulphate, Na2S04, or Ammonium Nitrate, 
' NH4NOS. precipitates on boiling white Stannic Hydroxid, 

Sn(0H)4 or Metastannic Hydroxid, (Sn(0H)4)n, from add 
solution. (Difference from Stannous.) 

171. If boiled for a long time with metaUic Copper, 
the Stannic Chlorid, SnCU, is reduced to Stannous Chlorid, 
SnCli, and the solution then yields a white precipitate upon 

I the addition of Mercuric Chlorid, HgCl2. 
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172. Metallic Zinc reduces solutions of Stannic com- 
pounds in the same way as it does those of the Stannous 
compoimds. 

173. Heating on Charcoal in the same way as with 
Stannous produces ductile globules of metallic Tin. 

GOLD (Aurum) 

Symbol, Au+;»+. Atomic Weight, 197.2. Valence, I, III. 

174. Gold is a yellow, lustrous, very ductile and mal- 
leable, soft metal. Melting Point, lOOO^C. S./G., 19.266. 

A solution of Gold Chlorid, AuCU may be used for the 
following tests: 



• 

TESTS 



176. Hydrogen Sulphid, H2S, and soluble sulphids in 
neutral and acid solutions produce brownish-black precipi- 
tates of Gold Di-sulphid, AU2S2, soluble in excess of Ammonium 
Poly-sulphid, (NH4)2S« , and in Nitrohydrochloric Acid. Also 
in Soditim Sulphid, Na2S2, and Potassium Sulphid, K2S2, In- 
soluble in Hydrochloric, HCl, and Nitric, HNOs, Acids. 

176. Soditmi and Potassium Hydroxids, NaOH and 
KOH, produce brownish precipitates of Gold Hydroxid, 
Au(0H)8, soluble in excess of the precipitant, forming the ion 
AUO2". 

177. Ammonium Hydroxid, NH4OH, in concentrated 
solutions, produces a yellowish precipitate of Gold Imino- 
chlorid, Au(NH)Cl, and Gold Iminoamid, Au(NH)NH2 
(Fulminating Gold), which when dry explodes on warming or 
by percussion. 

178. Ferrous Sulphate, FeS04, in neutral or add 
solutions, produces a brownish precipitate of finely divided 
Gold. The solution with the precipitate in suspension (col- 
loidal) appears of a bluish color by transmitted light. 

179. Oxalic Acid, H2C2O4, added to a solution of a 
Gold salt free from Nitric Acid, HNOs, and containing very 
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ittle free add of any kind, produces a precipitate of metallic 
Gold upon warming. 

180. Stannous Chlorid, SnClj, in dilute weaMy acid 
solutions, produces a purplish-red coloration or precipitate 
called "Purple of Cassius." It is probably colloidal Gold and 
Tin Oxyhydroxid. If strongly acid with Hydrochloric Acid, 
a dark-brown precipitate of pure Gold results. 

181. Heated on Charcoal with Sodium Carbonate, 
NajCOj, produces yellow glistening spangles of metallic Gold. 

PLATINUM 
Symbol, Pt.«+;*+. Atomic Weight, 195.2. Valence, II, IV. 

182. Platinum is a silver-white, lustrous, tough, very 
ductile and malleable metal. Melting point, ITZQ'C. S./G., 
21.46. 

A solution of Chloroplatinic Add, HaPtClo, may be 
used for the following tests: 

TESTS 

183. Hydrogen Sulphid, HaS, and soluble sulphids, in 
add solutions, produce black precipitates of Platinic Sulphid, 
PtSa. The precipitate forms at once on heating the solution. 
Insoluble in Hydrochloric Add, HCI, and Nitric Acid, HNO* 
but soluble in j4»tmoH»«m Poly-sulphid, (NH4)jSi, and Nitrohy- 
drochloric Add. 

184. Ammonium Chlorid, NH,C1, produces a yellow 
crystalline predpitate of Ammonium Chloroplatinate,(N Hi)2- 
PtCla, slightly soluble in water, adds and in concentrated 
Bolutions of Potassium and Sodium Hydroxids, KOH and 
NaOH, on warming. Insoluble in Alcohol, CiHjOH. Upon 
Ignition, a spongy residue of Platinum is produced. 

186. Potassium Chlorid, KCl, produces a yellow crys- 
talline predpitate of Potassium Chloroplatinate, KaPtClg, 
slightly soluble in water, adds, and in concentrated solu- 
tions of Potassium and Sodium Hydroxids, KOH and NaOH, 
upon warming. Upon ignition, KjPtCle leaves metallic 
Platinum and Potassium Chlorid, KCl. 
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186. Ferrous Sulphate, FeS04, does not precipitate so- 
lutions of Chloroplatinic Acid, except upon very long boiling 
after neutralizing with Sodium Carbonate, Na2C03, when a 
precipitate of metallic Platinum is produced. 

187. Oxalic Acid, H2C2O4, does not produce a precipi- 
tate with Platinum solutions. 

188. Stannous Chlorid, SnCU, produces no precipitate 
but imparts a dark red to brownish-red color, if much free 
Hydrochloric Acid, HCl, is present. This is due to the reduc- 
tion of the Chloroplatinic Add to Chloroplatinous Add. 

189. Compounds of Platinum, heated in the reducing 
flame are reduced to spongy metallic Platinum. 





CHAPTER VII 
Separation of Group 3 

190. After becoming familiar with the tests described 
1 the last Chapter the student is ready for the separation 
t the metals composing this Group. 

191. The student must remember that the Sulphids of 
r this group are precipitated from acid solution, along with 

those of the members of the Group 2, by Hydrogen Sulphid, 
and that the former are soluble in Ammonium Poly-sulphid 
while the latter are insoluble. 

192. Dilute the solution of the sulphids of the metals 
of this group, |_which was obtained by warming the precipitate 
of the Groups 2 and 3 (obtained by passing Hydrogen Sul- 
phid gas thru the filtrate from Group 1 and filtering), with 
Anunoniiun Sulphid and filtering,], with water. Add Hydro- 
chloric Acid until the mixture shows an acid reaction. 

193. This will precipitate the Sulphids of Arsenic, 
Antimony, Tin, Gold and Platinum. Filter out the precipi- 
tate and wash it thoroughly with water. The filtrate and 
wash water are rejected. 

194. If the precipitate is white, the metals of this group 
'Joe absent; the white precipitate being due to the decompo- 
Bition of the Ammonium Sulphid by the Hydrochloric Acid. 

196. If the precipitate is other than white, one or more 
of the metals of this group may be present. If bright yellow 
or orange-yellow. Arsenic or Antimony will very likely be 
found. Much Tin would cause the precipitate to be colored 
brown, as would Gold and Platintun. 

196. Transfer the precipitate to a dish or beaker by 
breaking a hole in the lower end of the filter and washing it 
off the paper with concentrated Hydrochloric Acid. Boil 
the mixture and filter. 
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197. The Sulphids of Antimony and Tin dissolve, while 
those of Arsenic, Gold and Platinum remain as an insoluble 
residue. 

198. Reserve the residue for the separation of Arsenic, 
Gold and Platinum as described in 1[203| and treat the Hydro- 
chloric Add solution as follows: 

199. Warm the mixture, contained in a dish, and place 
in it a piece of clean Platinum foil, and on the Platinum 
foil a small dean piece of Zinc. If a brisk evolution of gas 
does not take place, add a little Hydrochloric Add, and 
allow the reaction to continue for from 10 to 16 minutes. 

200. Examine the Platintmi foil. A deep black deposit 
on the foil indicates the presence of Antimony. 

201. To prove the presence of Tin, remove the Plati- 
nimi foil and wash it with water, potuing the wash water 
into the dish. Remove the Zinc and rub the partides that 
adhere to it off into the dish. Allow the solid partides to 
settle and carefully pour off the supernatant liquid. Reject 
the liquid. 

202. To the residue in the dish add a small amount of 
Hydrochloric Add and heat gently. Dilute to four times 
its volimie with water, filter if necessary, and add a few 
drops of a solution of Mercuric Chlorid. A white predpitate 
indicates the presence of Tin. 

203. Going back to the residue undissolved by the 
boiling Hydrochloric Add. If this residue is bright yellow^ 
wash with water, and dissolve it in Ammonitmi Carbonate 
solution by potuing and repotuing the carbonate solution 
over the residue on the paper and warming. To this add 
Hydrochloric Add. A bright yellow predpitate indicates 
the presence of Arsenic. 

204. If the residue is dark. Gold and Platinum may 
be present. In this case carefully dry the predpitate, re- 
move it from the paper by means of a glass spatula, and 
mix it with a mixture of 5 parts of Ammonitmi Chlorid and 
1 part of Ammonium Nitrate. 

206. Place this mixture in a porcelain boat, and place 
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the boat and its contents in a glass tube which has an aspi- 
rating apparatus attached. Gradually heat the tube under 
the boat. 

206. By this treatment the Gold and Platinum are left 
in the boat in the free state. The Arsenic compound is 
decomposed, sublimes as a chlorid, and condenses on the 
colder part of the tube. 

207. Remove the boat from the tube and dissolve the 
metaUic residue in Nitrohydrochloric Acid. Evaporate al- 
most to dryness with repeated addition of Hydrochloric 
Acid to remove excess of Nitric Acid. Dilute with water 
and add an excess of Oxalic Acid. Warm the mixture for 
at least 30 minutes, and allow it to stand. A dark precipi- 
tate indicates the presence of Gold. 

208. Filter this mixture and evaporate the filtrate al- 
most to dryness on a water-bath. Add some diluted alcohol 
and filter. A dark precipitate of Ammonium Chloroplatinate 
indicates the presence of Platinum. 

209. Returning to the sublimate contained in the glass 
tube, which n^^y contain the Arsenic. Dissolve the subli- 
mate in diluted Hydrochloric Acid, and pass Hydrogen Sul- 
phid gas thru this acid solution. The formation of a bright 
yellow precipitate indicates the presence of Arsenic 

COMMENTS 

210. The Sulphids of Group 3, as already stated, are 
separated from those of Group 2, with which they are precipi- 
tated by Hydrogen Sulphid, by yellow Ammonium Sulphid, in 
which they are soluble. 

211. The addition of Hydrochloric Acid to the filtrate 
serves to neutralize the solvent effect of the fluid, and the 
Sulphids of Arsenic, Antimony, Tin, Gold and Platintim are 
reprecipitated in the now add fluid. The precipitate is now 
washed thoroughly in order to remove Hydrochloric Add, Hy- 
drogen Sulphid and Chlorids, as their presence may inter- 
fere with subsequent tests.' 
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212. Since the Sulphid of Arsenic is yellow; that of 
Antimony orange-red; Tin, brown; Gold, brownish-black; 
and Platintim, black; the presence of a white precipitate 
would indicate the absence of this group, the white precipi- 
tate being Sulphur, as explained in the Separation. 

213. Boiling the precipitate with concentrated Hydro- 
chloric Acid serves to dissolve the Sulphids of Antimony and 
Tin, but not those of Arsenic, Gold and Platinum, since 
these are insoluble in the add. 

214. The filtrate, containing the Antimony and Tin 
as Chlorids, is treated with Zinc, a little more Hydrochloric 
Acid, and a piece of Platintmi foil, taking advantage of the 
reducing reactions described in 1[156 for Antimony, Page 
83, and 1fl65 for Tin, Page, 85. The Antimony is deposited 
as a black stain on the Platintim, while the Tin is precipitated 
as a heavy gray precipitate. 

216. The precipitated Tin is heated with Hydrochloric 
Acid which converts it to soluble Stannous Chlorid. This 
in turn reacts with a solution of Mercuric Chlorid which is 
reduced to insoluble Mercurous Chlorid. 

216. If the residue insoluble in the boiling Hydrochlo- 
ric Add is bright yellow, it indicates Arsenic, since its Sul- 
phid is of a bright yellow color, while those of Gold and 
Platintmi are blackish. If yellow, the presence of Arsenic is 
confirmed by dissolving the yellow Sulphid in Ammonitmi 
Carbonate and repredpitating it by Hydrochloric Add. 

217. A dark predpitate at this point would indicate 
the possible presence of Gold and Platintmi. In order to 
separate the Arsenic, possibly present, from the Gold and 
Platintmi, the predpitate is dried, mixed with Ammonium 
Nitrate and Chlorid, and subjected to the process described 
in the Separation, since the Arsenic sublimes as a Chlorid, 
and the Gold and Platinum are left in the boat in the free 
condition. 

218. The metallic Gold and Platinum are dissolved in 
Nitrohydrochloric Add, and the excess of Nitric Add re- 
moved by evaporation and the addition of Hydrochloric 
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Add. The metals go into solution as Chlorids. Upon warm- 
ing with Oxalic Add the Gold separates out, as described in 
Chapter VI (at this point the mixture should be warmed a 
long time to insure the complete predpitation of the Gold); 
while the Platinum remains uneffected and is tested for in 
the filtrate by evaporating to dryness and treating the resi- 
due with diluted alcohol, thereby removing the excess of 
Oxalic Add and Ammonium Chlorid. The Platinum remains 
behind as Ammonium Chloroplatinate. 

219. The sublimate, containing the Arsenic as a Chlo- 
rid, is dissolved in Hydrochloric Add and repredpitated as 
yellow Sulphid by Hydrogen Sulphid. 



CHAPTER VIII 

Group 4 

Metals or Cations precipitated by Ammonium Hydroxid 
in the presence of Ammonium Chlorid as Hydroxids. 

IRON (Ferrum) 

Symbol, Fe. *+• «+. Atomic Weight, 66.84. Valence, II, III. 

220. Pure Iron is a silver-white, hard, malleable, duc- 
tile, tenacious metal. Melting Point, 1610**C. S./G., 7.84. 

221. Iron forms two series of compounds, named re- 
spectively Ferrous and Ferric compounds. Ferrous Oxid, 
FeO, is a type of the former; and Ferric Oxid, Fe208, a type 
of the latter. 

IRON IN FERROUS Compounds 

A solution of Ferrous Sulphate, FeSOi, may be used 
for the following tests: 

TESTS 

222. Ammonitun Sulphid, (NH4)2S, or Hydrogen Std- 
phid, H2S, in neutral or alkaline solutions, produce black 
precipitates of Ferrous Sulphid, FeS, soluble in Hydrochloric 
Add, HCl, and Nitric Add, HNOs. Add solutions of Fer- 
rous salts are not predpitated by H2S. Ammonitun Chlorid, 
NH4CI, promotes predpitation. 

223. Potassium Hydroxid, KOH, or Sodium Hydroxid, 
NaOH, produce a predpitate of Ferrous Hydroxid, Fe(0H)2, 
which is white at first, but which, upon exposure to air, be- 
comes green and finally reddish-brown, due to oxidation to 
Ferric Hydroxid, Fe(0H)8. Presence of Anmionitun salts 
interferes with complete predpitation. Soluble in adds. 

95 
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224. Ammonimn Hydroxid, NH4OH, gives the same 
precipitate as the preceding. 

226. Potassitim Thiocyanate, KCNS, does not produce 
a blood-red coloration in solution of Ferrous salts free from 
Ferric salts. 

226. Potassium Perrocyanid, K4Pe(CN)6, produces a 
white precipitate of Potassitim Ferrous Ferrocyanid, K2Fe- 
(Fe(CN)6), insoluble in adds. Excess of reagent converts 
this into Ferrous Ferrocyanid, Fe2(Fe(CN)6). This, thru 
oxidation, becomes rapidly blue in color. Ferric Ferrocyanid, 
Fe4(Fe(CN)6)8 (Prussian Blue), being formed. 

227. Potassium Ferricyanid, K8Fe(CN)6, produces a 
dark blue precipitate of Ferrous Ferricyanid, Fe8(Fe(CN)6)2, 
(Tumbull's Blue), mixed with Potassium Ferric Ferrocyanid. 
The predpitate is insoluble in adds. 

228. Dry Ferrous Compounds, heated in a Borax Bead 
in the oxidizing flame, produce, while hot, a yellow to red 
bead, which on cooling becomes lighter in color or colorless. 
Fused in the redudng flame yield a bottle-green bead. 

IRON IN FERRIC Compounds 

A solution of Ferric Chlorid, FeCls, may be used for 
the following tests : 

TESTS 

229. Ammonium Stdphid, (NH4)2S, or Hydrogen Sul- 
phid, H2S, form Fe2S8 only when added to Ferric Hydroxid, 
Fe(0H)8, in the presence of an alkali. With add solutions 
part of the Stdphid is reduced to FeS, and Sulphur, S, is 
predpitated (2PeCl8 + H2S -> 2FeCl2 + 2HC1 + S) . The pre- 
dpitate is black, insoluble in alkali hydroxids; soluble in adds. 

230. Potassium and Soditim Hydroxids, KOH arid Na- 
OH, produce bulky, reddish-brown predpitates of Ferric Hy- 
droxid, Fe(0H)8, insoluble in excess of the predpitant and in 
Ammonium salts, but soluble in Hydrochloric, Nitric and 
Sulphuric Adds, HCl, HNOs, and H2SO4. 
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Ammonium Hydroxid, NHjOH, produces the 

I same result as the preceding. 

232. Potassium Thiocyanate, KCNS, produces an in- 
tense blood-red coloration, due to the formation of Ferric 
Thiocyanate, Fe(CNS)a. 

Potassium Ferrocyanid, KiFe(CN)«, produces a 
dark blue precipitate of Ferric Ferrocyanid, Fe4(Pe(CN)t)3 
(Prussian Blue), insoluble in Hydrochloric Acid, HCl, but 
decomposed by alkali hydroxids. 

Potassium Ferricyanid, KjFe(CN)e, does not pro- 
duce a precipitate in solutions of Ferric salts, but deepens 
the color to reddish-brown, Ferric Ferricyanid being formed. 

With the Borax Bead, Ferric Compounds produce 
the same results as the Ferrous. 



CHROMIUM 



r 



Symbol, Cr. 



Ato] 



Weight. 52. Valence, II, IH. 



i. Chromium is a light gray, crystalline powder. 
[■Melting Point, above 2000°C. S./G., 6.81. 

A solution of Chromic Chlorid, CrCIj, may be used 
for the following tests: 



237. Ammonium Sulphid, (NH4)jS, in neutral or 
llightly acid solution, produces a greenish or bluish precipitate 

[ Chromium Hydroxid, Cr(OH}a (Hydrolysis). Soluble in 
Hydrochloric Acid, HCl. 

238. Potassium and Sodium Hydroxids, KOH and 
P NaOH, produce greenish precipitates of Chromium Hydroxid, 
|Cr(0H)3, soluble in excess of the reagents. By boiling, or by 
Ithe addition of Ammonium Chlorid, NHjCl, the Hydroxid 
■is reprecipitated. 

239. Ammonium Hydroxid, NH^OH. produces the 
■Same precipitate as the preceding. The precipitate is slightly 

loluble in excess, but is completely precipitated upon boiling. 



i 
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240. Sodium, Potassitim and Ammomtim Carbonates, 
Na2C08, K2CO8, (NH4)2C08, produce green precipitates of 
Chromium Hydroxid, Cr(0H)8 (Hydrol5rsis), slightly soluble 
in large excess of the reagents, and in Hydrochloric Add. 

241. Bromin Water, added to a solution of a Chromium 
salt, which contains an excess of Soditim or Potassitim Hydroxid, 
NaOH or KOH, and warmed, produces a change in color 
from green to yellow, due to the formation of a Chromate 
of the alkali used. 

242. Fused on a Platinum foil with Sodium Carbonate, 
Na2C08, and Potassium Nitrate, KN08, in the oxidizing 
flame, produces a yellow mass due to the formation of Sodium 
Chromate, Na2Cr04, and Potassium Chromate, K2Cr04. 
By dissolving the mass in water, and adding Acetic Acid, 
HC2H3O2, and Lead Acetate, Pb(C2H802)2, a yellow precipi- 
tate of Lead Chromate, PbCr04, is produced. 

243. Dry Chromiimi compounds, heated in a Borax 
Bead, produce a yellowish-green bead, which becomes emer- 
ald green on cooling. 

ALUMINIUM 

Symbol, A1+++. Atomic Weight, 27.1. Valence, III. 

244. Aluminium is a bluish-white, lustrous, malleable, 
ductile metal. Melting Point, 700**C. S./G., 2.71. 

A solution of Potassitim Aluminium Sulphate, KlAl 
(804)2, or Ammonium Aluminium Sulphate, NH4A1(S04)2, 
may be used for the following tests: 

TESTS 

246. Ammonitim Sulphid, (NH4)2S, produces a white, 
gelatinous precipitate of Aluminitmi Hydroxid, A1(0H)b, 
slightly soluble in excess of the reagent. (Hydrolysis.) 
Soluble in Hydrochloric, Nitric and Sulphuric Acids. 

246. Potassitmi and Soditmi Hydroxids, KOH and 
NaOH, produce white, gelatinous precipitates of Altiminium 
Hydroxid, A1(0H)8, soluble in excess of the reagents with 
formation of Potassitim Altuninate, KAIO2 or Sodium Alumi- 
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!)late, NaAlOi. Reprecipitated by AmmoniuiQ Chlorid, 
NH^Cl, and heating. 

247. Ammonium Hydroxid, NHiOH.producesthesame 
precipitate as the preceding. The precipitate is slightly 
soluble in excess of the reagent. The solubility is decreased 
by presence of Ammoniiam salts and by boiling. 

248. Di-sodimn Hydrogen Phosphate, NajHPO*, pro- 
duces a white, gelatinous precipitate of Aluminium Phos- 
phate, AlPOi, insoluble in Acetic Acid, HCaHaOj, and Am- 
jnonium Hydroxid. Soluble in Hydrochloric and Nitric 
Adds, HCl and HNOj. Soluble also in Potassium Hy- 
droxid, and Sodium Hydroxid, KOH and NaOH, with forma- 
tion of Aluminates KAlOs or NaAlOj. Ammonium Chlorid, 
NH4CI, reprecipitates the Alimiinium Phosphate from its 
solution in Potassium or Sodiimi Hydroxid. 

Sodium Acetate, NaCjHaOj, added in excess and 
boiled, produces a precipitate of Basic Aluminium Acetate, 
AlCOH)iCiH302. Neutral Aluminium Acetate is at first 
formed but this decomposes on boiling to yield the basic 
compound. The precipitate dissolves on cooling. 

250. Barium Carbonate, BaCOj, mixed with a little 
water, produces a white gelatinous precipitate of Aluminium 
Hydroxid, A1(0H)3, with a solution of an Aluminium salt. 
(Hydrolysis.) It is insoluble in excess of the reagent. 

251. Dry Aluminiimi salts, heated on charcoal with 
Sodium Carbonate, NajCOj, then moistened with Cobalt 
Nitrate, Co(N03}s, and ignited, produce a blue mass, due to 
the formation of a complex compound called Thenard's Blue. 



CHAPTER IX 

Separation of Qroup 4 

262. The filtrate from Groups 2 and 3, or a solution 
free from the members of the first three groups should be 
treated as follows. If Hydrogen Stdphid has been added to 
precipitate Groups 2 and 3, this must be completely removed 
by prolonged boiling before Group 4 can be precipitated or 
Group 6 will be precipitated with Group 4. To determine 
when all the Hydrogen Sulphid has been removed, hold a 
piece of filter paper moistened with Lead Acetate solution in 
the steam. If this is blackened, Hydrogen Sulphid is still 
being given oflE. 

263. Having removed the Hydrogen Sulphid, test a 
small portion of the original solution for Phosphates, Oxalates 
and Tartrates according to 11271-272. If present, the method 
described in 11273-276 must be carried out. If absent, pro- 
ceed as follows. Test one small portion of the solution for 
Ferrous Iron (ion Fe"*^) by adding Hydrochloric Acid and 
some fresh solution of Potassium Ferricyanid. If Ferrous 
Iron is present a dark blue precipitate will form (Ferrous 
Ferricyanid, Fe8(Fe(CN)6)2). Test another small part for 
Ferric Iron (ion Fe+++) by adding Hydrochloric Acid and a 
solution of Potassium Thiocyanate. If Ferric Iron is present 
a deep, blood-red color will develop (undissociated Ferric 
Thiocyanate Fe(CNS)8). If iron is found, test the original 
solution to determine the state of oxidation. 

264. Next boil the solution with Alcohol and diluted 
Hydrochloric Add to reduce the Chromate or Dichromate 
ions (the condition in which Chromitmi may be at this point 
if no Hydrogen Sulphid has been used) until reduced to about 
one-half the original volume to drive oflE all Alcohol, and then 
dilute to original volume with Water. However, if Hy- 
drogen Sulphid has been used to precipitate Groups 2 and 3, 
this treatment with Alcohol is unnecessary. The Iron, if 

100 
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present in the Ferrous condition, must next be oxidized by 
boiling the solution with Nitric Add. 

2fiB. Then add an excess of Ammonium Chlorid,* heat 
to boiling and add Ammonium Hydroxid until the mixture 
has a strong alkaline reaction. Filter and reserve the filtrate 
if the members of Groups 5, 6, and 7 are to be tested for. 
Treat the precipitate, which consists of the Hydroxids of 
Iron, Aluminiiun and Chromium, as follows: 

266. Wash the precipitate with hot water thoroughly, 
place in a dish, add a small amount of water and about 2 Gm. 
of Sodiiun Dioxid, and boil for a minute. Filter and divide the 
filtrate into two parts. Reserve the undissolved residue, if 
there should be any. 

257. Test one part for Aluminium by making add with 
Hydrochloric Add, then alkaline with Ammonium Hy- 
droxid, and heating to boiling. If Aliuninium is present, a 
white, flocculent predpitate is formed. The predpitate may 
be more readily seen if the mixtiu'e is allowed to stand a short 



pn' 



Test the other part for Chromium by making 
add with Acetic Add and adding Lead Acetate solution. In 
the presence of Chromium, a yellow predpitate will form. 
(If the filtrate to be tested for Chromium is colorless, Chromium 
is absent, since all Chromates and Dichrotnates are colored.) 

269. The residue left undissolved by Sodium Dioxid, 
consisting of Ferric Hydroxid (reddish-brown), should be 
tested for Manganese, which is likely to be partially predpi- 
tated here, espedally if too much Nitric Add was used to 
oxidize the Iron. Dry the residue, fuse it with Sodium Car- 
bonate and Potassiiun Nitrate in the oxidizing flame. In 
the presence of Manganese a blue-green mass (NaaMnOi 
and KjMnOfl) will form. The student must become familiar 

the color imparted by Manganese, for he may be confused 

use of the Iron simulating the color. 

COMMENTS 

S60. The filtrate from Groups 2 and 3, contains the 
mbers of Groups 4, 5, 6 and 7. In order to predpitate 

•See 1265. 
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Group 4 by itself, the Hydrogen Sulphid used to precipitate 
Groups 2 and 3 must be removed for the reason stated in the 
separation. 

261. Since a solution of the members of Group 4 may 
contain Iron as Ferrous or Ferric ions or both, and the Chro- 
mium as Chromic, Chromate or Bichromate ions, it is neces- 
sary, in order to precipitate these metals by Ammonitim 
Hydroxid to carry out the steps described in 11253-255. 

262. Special tests for the condition of Iron in the 
original solution must be made on portions of the original 
solution, since the Iron has possibly tmdergone changes dtir- 
ing the steps already taken. 

263. Since the Chromate and Dichromate ions do not 
form compounds with Hydroxyl, it is necessary, in the pres- 
ence of these ions, to reduce them to Chromic ions. This 
may be done by passing Hydrogen Sulphid thru an acid 
solution, but is accomplished more easily by boiling with 
Alcohol and diluted Hydrochloric Add until reduced to one- 
half the original btdk. 

264. Since Ferrous Hydroxid is only incompletely pi:e- 
cipitated by Ammonitmi Hydroxid, boiling with Nitric Acid 
is carried out next to oxidize to the Ferric condition. 

265. Having reduced the Chromate ion and oxidized 
the Iron, an excess of Ammonitmi Chlorid is added to keep 
the concentration of Hydroxyl ions below that necessary for 
the precipitation of Magnesitun and Manganese Hydroxids; 
and enough Ammonium Hydroxid to give a strong alkaline 
reaction is added, thereby furnishing Ammonia for the forma- 
tion of complex ammonia ions of Zinc, Nickel and Cobalt, so 
redissolving their Hydroxids. 

266. Filtering separates the members of Groups 5, 6 and 
7 (which are in the filtrate) from the precipitated Hydroxids 
of Iron, Aluminium and Chromium. 

267. After washing the precipitate, it is boiled with 
Sodium Dioxid to oxidize Chromic ions to Chromate. The 
Altiminitim Hydroxid is dissolved by the Soditmi Hydroxid 



ANALYSIS OF GROUP 4 103 

formed by the action of Sodium Dioxid on the water, and the 
Ferric Hydroxid is unaffected. 

268. One part of the filtered fluid is tested immediately, 
to avoid dissolving Silica from the vessel, for Aluminium. 
The Hydrochloric Add is added to neutralize the Soditim 
Hydroxid, and the Ammonitim Hydroxid is then added and 
the mixture boiled to precipitate the Aluminium. 

269. Chromium is then tested for by making the second 
part add and adding Lead Acetate. The yellow predpitate 
formed in the presence of Chromium is Lead Chromate. If 
the predpitate formed at this point is white, it is Lead Sulphate 
and indicates that the original predpitate of the Hydroxids of 
the members of this group was not thoroughly washed. A 
white predpitate does not indicate Chromium. 

270. Manganese, a member of Group 6, is tested for 
in the insoluble residue for the reason given in the separation. 



METHOD OF SEPARATING GROUP 4 IN THE 

PRESENCE OF THE PHOSPHATE (PO4— "), 

OXALATE (CO—), AND TARTRATE 

(C4H4O6— ) IONS. 

271. The presence of these ions should be first estab- 
lished by treating a portion of the original solution with 
Sodium Carbonate until strongly alkaline, boiling for 16 min- 
utes, and then filtering. This serves to predpitate the metals 
(with the exception of the members of Group 7) which would 
interfere with the test for these ions. Reject the predpitate. 

272. Test one portion of the filtrate by making add 
with Nitric Add and applying the test described in 1[454 for 
the Phosphate ion. Test another portion for the Oxalate ion 
by making add with Acetic Add and applying the test de- 
scribed in 1[497. Test a third portion for the Tartrate ion 
by 1(506. 

273. Having established the presence of these ions in 
the original solution, evaporate the filtrate from Groups 2 and 
3 to dryness; add a few drops of Nitric Add and ignite gently. 
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Ignition carbonizes the Tartrate salts, the black residue 
(C) from these is constimed. Then warm the residue with 
diluted Hydrochloric Add and filter. Reject any undissolved 
matter. 

274. Test a small portion of the filtrate for Iron by add- 
ing Potassitim Thiocyanate. The formation of a deep blood- 
red color indicates Iron. If Iron is found, determine its state 
of oxidation in the original solution by 1[226 and 1[232, 

276. Add to the remainder of the filtrate an excess of 
Soditun Acetate solution, make strongly add with Acetic 
Add; and add drop by drop solution of Ferric Chlorid till the 
solution becomes decidedly red, because of the formation of 
Ferric Acetate. Next boil for 6 minutes. This predpitates 
the Iron and a part of the Aluminitim and Chromium as 
phosphates (ortho). Filter while hot. Reserve the filtrate. 

276. Wash the predpitate with hot water and test 
the predpitate for Altmiinium and Chromitmi by 1[256-268. 
The filtrate from the predpitated phosphates is liable to con- 
tain Altuninitim, Chromitmi, and the members of Groups 6, 6 
and 7, and should be examined for these in the regular order, 
beginning with 11262. 



CHAPTER X 

Group 5 

Metals or Cations precipitated as Sulphids by Hydrogen 
Stilphid in Alkaline solution. 

MANGANESE 

Symbol, Mn^+J »+. Atomic Weight, 54.93. Valence, II, III. 

277. Manganese is a grayish-white, very hard, brittle 
metal. Melting Point, 1247**C. S./G., 7.8. 

A solution of Manganous Sulphate, MnSOi, or Manga- 
nous Chlorid, MnCU, may be used for the following tests: 

TESTS 

278. Ammonium Stdphid, (NH4)2S, or Hydrogen Sul- 
phid, H2S, in alkaline solutions, produce flesh colored precipi- 
tates of Manganous Sulphid, MnS, which become brown 
thru oxidation in air. Soluble in Hydrochloric Acid, HCl, 
Nitric Acid, HNOs, and Acetic Acid, HC2H8O2. Insoluble in 
Ammonitun Sulphid and alkali hydroxids. 

279. Potassitun and Sodium Hydroxids, KOH and 
NaOH, produce whitish precipitates of Manganous Hydroxid, 
Mn(0H)2, insoluble in excess of the reagent. (Mn(0H)8 
is precipitiated from solutions containing the manganic ion.) 
Soluble in Hydrochloric, Nitric and Stdphuric Adds, HCl, 
HNOs, and H2SO4; also in Anmionitmi salts. Upon exposure 
to air the precipitate turns brown, due to the formation of 
Manganous Manganites. 

280. Ammonitmi Hydroxid, NH4OH, produces the 
same result as the preceding, except in the presence of Am- 
monitmi salts, because the large concentration of Ammonitmi 
ion represses the concentration of the Hydroxyl ion. 
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Soditun, Potassium and Ammonium Carbonates, 
NaiCOj, KjCOa, (NH^sCOa, produce white precipitates of 
Manganous Carbonate, MnCOa- The precipitate is insoluble 
in excess of the reagent. 

282. Bromin Water, added to a solution of a Manga- 
nese salt which contains an excess of Sodiimi or Potassium 
Hydroxid, NaOH or KOH, produces a brownish-black pre- 
cipitate of Hydrated Manganese Dioxid, MnOj.HaO. 

283. Dry Manganese compounds, fused on a Plati- 
num foil with Sodium Carbonate, NajCOa, and Potassium 
Nitrate, KNO3, in the oxidizing flame, produce a bluish-green 
mass, due to the formation of Sodium Manganate, NasMn04, 
and Potassium Manganate, KaMnOj. The same result is 
obtained by using Sodium Peroxid, NajOs, 

284. Manganese compounds, fused in a Borax Bead 
in the oxidizing flame, produce an amethyst-colored bead; 
in the reducing flame a colorless bead. 



Symbol, Zn++. 



ZINC (Zincum) 
Atomic Weight, 65.37. 



Valence, II. 



286. Zinc is a bluish-white, rather soft metal. Melt- 
ing Point. 417°C. S./G., 6.9. 

A solution of Zinc Sulphate, ZnSOj, or Zinc Nitrate, 
Zn(N0a)2, may be used for the following tests: 



286. Ammonium or Hydrogen Sulphids produce a 
white precipitate of Zinc Sulphid, ZnS. Precipitation is aided 
by Ammonium Chlorid, NH4C1. The precipitate is soluble in 
Hydrochloric, Nitric and Sulphuric Adds, HCl, HNOa, and 
HsSOi. Insoluble in diluted Acetic Acid, HCjHjO!; Am- 
monium Sulphid, (NH4)iS; and alkali hydroxids. 

287. Potassium and Sodiimi Hydroxids, KOH and 
NaOH, produce white, gelatinous precipitates of Zinc Hy- 
droxid, Zn{OH)i, soluble in excess of the reagent with forma- 
tion of Sodium Zincate, Na^ZnOs, or Potassium Zincate, 
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K2Zn02. Repredpitated upon boiling, unless the predpitants 
have been added in very large excess. Soluble in Hydro- 
diloric, Nitric and Sulphuric Adds, HCl, HNOa, and H2SO4. 

288. Ammonium Hydroxid, NH4OH, produces a white 
predpitate of Zinc Hydroxid, Zn(0H)2, soluble in excess of 
the predpitant forming a soluble compound having the com- 
plex ion Zinc-Ammonia, Zn(NH8)6"^. 

289. Potassium Ferrocyanid, K4Fe(CN)6, produces a 
white slimy predpitate of Zinc Ferrocyanid, Zn2Fe(CN)6, 
slightly soluble in excess of the predpitant; insoluble in adds 
and Ammonium Hydroxid, NH4OH. 

290. Potassium Ferricyanid, K8Fe(CN)6, produces a 
brownish-yellow predpitate of Zinc Ferricyanid, Zn8(Fe(CN) 4)2, 
soluble in adds. 

291. Di-sodium Hydrogen Phosphate, Na2HP04, pro- 
duces a white predpitate of Zinc Phosphate, Zn8(P04)2, whidi 
is gelatinous when first formed, but becomes crystalline 
upon standing. Soluble in adds and Ammonium Hydroxid, 
NH4OH. 

292. Dry Zinc salts, heated with Sodium Carbonate, 
Na2C08, on charcoal in the redudng flame, produce a coat- 
ing of Zinc Oxid, ZnO, which is yellow while hot and white 
when cold. On moistening with a solution of Cobalt Ni- 
trate, Co(N08)2, and igniting, a bright yellow-green coat is 
produced. 

COBALT 

Symbol, Co2+'3+. Atomic Weight, 58.97. Valence, II, III. 

293. Cobalt is a steel-gray, hard, malleable metal. 
Melting Point, 1600**C. S./G., 8.5. 

A solution of Cobalt Nitrate, Co(N08)2 or Cobalt Sul- 
phate, C0SO4, may be used for the following tests: 

TESTS 

294. Ammonium Sulphid, (NH4)2S, or Hydrogen Sul- 
phid, H2S, in neutral or alkaline solution produce black 
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precipitates of Cobalt Sulphid, CoS, insoluble in cold, dilute 
Hydrochloric Acid, HCl, Acetic Add, HC2H8O2, and excess 
of Ammonium Sulphid, (NH4)2S. Soluble in Nitrohydro- 
chloric Acid, and Nitric Add, HNO3, upon heating. Predpi- 
tation prevented by strong adds. Ammonium Chlorid, 
NH4CI, materially promotes predpitation. 

296. Potassium and Sodium Hydroxids, KOH and 
NaOH, produce blue predpitates of a Basic Cobaltous salt. 
Upon boiling, the predpitate is converted into pink Cobal- 
tous Hydroxid, Co(OH)2. Upon expostire to air both pre- 
dpitates become oxidized and turn brownish in color. They 
are insoluble in excess of the reagents. Soluble in adds. 
Ammonium Hydroxid, NH4OH, and Ammonium Carbonate, 

(NH4)2C08. 

296. Ammonium Hydroxid, NH4OH, produces the 
same result as the foregoing, but the predpitate is soluble in 
an excess of the predpitant forming a reddish-colored fluid. 
Ammonium salts prevent predpitation. 

297. Potassium Cyanid, KCN, produces a reddish- 
brown predpitate of Cobaltous Cyanid, Co(CN)2, soluble in 
excess of the predpitant forming Potassium Cobaltocyanid, 
K4Co(CN)6. If the solution is boiled in contact with the air, 
it undergoes oxidation with the formation of Potassium Co- 
balticyanid, K8Co(CN)6, which is not decomposed by the 
addition of a Hypochlorite or a Hypobromite. (Difference 
from Nickel.) 

298. Potassium Nitrite, KNO2, added in excess to a 
solution of a Cobalt salt to which Acetic Add, HC2H8O2, 
has been added until strongly add, produces a yellow, crys- 
talline predpitate of Potassium Cobaltic Nitrite, K3Co(N02)6. 
In dilute solutions the predpitation takes place very slowly. 
The predpitate is soluble in water, but insoluble in the pres- 
ence of the predpitant. When boiled with water, it dis- 
solves forming a red fluid from which alkalies predpitate 
Cobaltous Hydroxid, Co(OH)2. 

299. Bromin Water, or a solution of Hydrogen Dioxid, 
H2O2, added to a "Solution of a Cobalt salt which has been 
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treated with Potassium or Sodium Hydroxids, KOH and 
NaOH, and boiled, produce brownish-black precipitates of 
Cobaltic Hydroxid, Co(OH)8, soluble in acids; sparingly sol- 
uble in Bromin Water, and in 2% KCN. Interfered with by 
Potassium Cyanid, KCN, which forms soluble K3Co(CN)6 or 
Na3Co(CN)e (ion, Co(CN)«— ). 

300. Dry Cobalt compounds fused in a Borax Bead 
impart to it a sapphire-blue color. 

NICKEL 

Symbol, Ni^^- 1 »+. Atomic Weight, 58.68. Valence, II, III. 

301. Nickel is a lustrous, silver-white, hard, malleable 
metal. Melting Point, 1500**-1600**. S./G., 8.9. 

A solution of Nickel Sulphate, NiS04, or Nickel Chlo- 
rid, NiCU, may be used for the following tests: 

TESTS 

302. Ammonium Sulphid, (NH4)2S, or Hydrogen Sul- 
phid, H2S, in neutral and alkaline solutions, produce black 
precipitates of Nickel Sulphid, NiS, soluble in Nitrohydrochloric 
Add, and slightly so in Ammonium Poly-Sulphid, (NH4)iS,. 
Insoluble in diluted Hydrochloric Acid, HCl, and Acetic 
Acid, HC2H8O2. The presence of Ammonium Chlorid, NH4CI, 
considerably promotes precipitation. 

303. Potassium and Sodium Hydroxids, KOH and 
NaOH, produce apple-green precipitates of Nickelous Hy- 
droxid, Ni(0H)2, insoluble in excess of the precipitants. Sol- 
uble in Ammonium Carbonate, (NH4)2C03, giving a greenish 
blue fluid. Also soluble in Hydrochloric, Nitric, and Sul- 
phuric Acids, HCl, HNOa, and H2SO4. 

304. Ammonium Hydroxid, NH4OH, added in small 
quantity, produces an apple-green precipitate of a basic salt, 
which dissolves in an excess of the precipitant forming a blue 
fluid (Ni(NH3)6++). 

306. Potassium Cyanid, KCN, produces a greenish 
precipitate of Nickel Cyanid, Ni(CN)2, soluble in excess of 
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the precipitant forming Potassium Nickelous Cyanid, K2Ni- 
(CN)4. If this solution is made strongly alkaline with Potas- 
sium or Sodium Hydroxid, KOH or NaOH, and treated with 
a Hypochlorite or H3rpobromite, a black precipitate of Nickelic 
Hydroxid, Ni(0H)8, is formed. 

306. Potassium Nitrite, KNO2, with Acetic Add, 
HCjHaOa, does not produce a precipitate with Nickel com- 
pounds except in very concentrated solutions. 

307. Bromin Water, or a solution of Sodium Hypochlo- 
rite, NaClO, added to a solution of a Nickel salt which has 
been treated with Potassium or Sodium Hydroxid, KOH or 
NaOH, and heated, produces a black precipitate of Nickelic 
Hydroxid, Ni(0H)8, soluble in a mixture of Ammonium Hy- 
droxid, NH4OH; Ammonium Chlorid, NH4CI; slowly soluble 
in Bromin Water; more soluble in 2% KCN. Prom the latter 
it is readily repredpitated by adding Sodium Carbonate, an 
excess of Bromin Water and heating. (Compare with 
Cobalt.) 

308. Dry Nickel compounds fused in a Borax Bead in 
the oxidizing flame impart a reddish-brown color to the bead 
on cooling. 



CHAPTER XI 

Separation of Qroup 5 

309. After separating Group 4, the following should be 
carried out either on the filtrate from Group 4, or a solution 
containing the members of Group 5. 

310. If a simple solution of the members of Group 5 
is to be used, Ammonium Chlorid and Ammonium Hydroxid 
must be added before the Hydrogen Sulphid is passed thru. 
If Group 4 has been tested for, more Ammonium Chlorid 
must not be added. 

311. Warm the fitltrate (or solution of the members 
of Group 5 to which Ammonium Chlorid has been added), 
add Ammonium Hydroxid, and pass in Hydrogen Sulphid 
until no further precipitation takes place by the continued 
passage of the reagent. In order to insure the complete pre- 
cipitation of the members of this Groups filter a small amount of 
the fluid, and pass Hydrogen Sulphid into the fitltrate. If a 
precipitate forms, return the mixture to the rest of the fltiid 
and repeat the passing of the Hydrogen Sulphid until the 
desired restilt is secured. 

312. Now heat the mixture until the precipitate 
settles out, filter, and wash the precipitate with a weak solu- 
tion of Ammonium Sulphid. Save the filtrate (and washings) 
for Groups 6 and 7. 

313. Transfer the precipitate to a dish by washing it 
off the paper with cold, 5% Hydrochloric Add. Mix thor- 
oughly by triturating with a pestle and let stand at least 5 
minutes. Filter. Wash the precipitate with water contain- 
ing Hydrogen Sulphid and set it aside. 

314. Warm the Hydrochloric Add fitltrate until free 
from Hydrogen Sulphid, and then add Sodium Hydroxid in 
excess. A whitish predpitate, which upon exposure to air 
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rapidly turns brown indicates Manganese, Filter off the 
precipitate and confirm the presence of Manganese by drying 
and fusing the precipitate with Sodium Carbonate and Potas- 
sium Nitrate; a blue-green mass confirms Manganese. 

315. Next test the Sodium Hydroxid filtrate for Zinc 
by passing Hydrogen Sulphid thru it, A white precipitate 
indicates Zinc. 

316. Returning to the precipitate insoluble in the cold, 
5% Hydrochloric Acid which contains the Sulphids of Nickel 
and Cobalt. Test the precipitate in a boras bead by 11300-308. 
A blue bead indicates Cobalt. A reddish-brown bead indi- 
cates Nickel, and shows the absence of more than traces of 
Cobalt, However, since the blue color of Cobalt may cover 
the reddish-brown of Nickel, the following separation must 
be carried out to determine Nickel in the presence of Cobalt. 

, 317. Dissolve the precipitate (NiS and CoS) by heat- 
ing with Nitro-hydrocbloric Acid. Boil to drive off the greater 
part of the Hydrochloric Acid and Nitrosyl Chlorid, and then 
neutralize the solution by adding Sodium Hydroxid drop by 
drop until a permanent precipitate of Nickel and Cobalt Hy- 
droxids is formed. Filter. Reject the filtrate. Dissolve the 
precipitate in Acetic Acid, concentrate by evaporation, then 
mix with 20% solution of Potassium Nitrite and allow it to 
stand for 24 hours. The Cobalt is precipitated as yellow, 
crystaUine Potassium Cobaltic Nitrite (KaCo(NOa)a). The 
Nickel remains in solution and can be detected by adding 
Sulphuric Acid to the filtrate from the above, boiling, cooling, 
and adding Sodium Hydroxid until alkaline. An apple-green 
precipitate indicates Nickel, confirmed by the borax bead 
test on this washed precipitate. 



COMMENTS 

318. The filtrate from Group 4 contains the members of 

Groups 5, 6 and 7. Since Ammonium Chlorid has already 

I been added in the precipitation of Group 4, it should not be 

added here. (If a simple solution of the members of this 

Group is used, Ammoniimi Chlorid must be added to prevent 
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the precipitation of Magnesium 
as Mg{OH)j when Ammonitim 
Hydroxid is added. See If 
265, page 102, Chapter IX.) 
The Ammonium Sulphid, 
(NHOsS, formed when Hydro- 
gen Sulphid is passed into the 
ammoniacal fluid completely 
precipitates the members of 
this Group, Warming assists 
precipitation. It is of the 
greatest importance that all 
the sulphids of this group be 
precipitated here. Thereft^e 
the precaution to insure a suffi- 
cient amount of Hydrogen 
Sulphid. 

319. The precipitate of 
Group 5 is washed with a weak 
solution of Ammonium Sul- 
phid to prevent the Manga- 
nese Sulphate from passit^ 
into colloidal solution and to 
prevent oxidation of the pre- 
cipitate by the air. The fil- 
trate, containing the members 
of Groups 6 and 7, is reserved 
for the separation of these 
Groups. 

320. The treatment of 
the Group 5 precipitate with 
cold, 5% Hydrochloric Add 
serves to dissolve the Manga- 
nese and Zinc Sulphids, while 
the Nickel and Cobalt remain 
undissolved. It is very im- 
portant that the Manganese 
and Zinc be completely re- 
moved from the sulphids of 
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Nickel and Cobalt. Therefore, the thorough trituration to 
insure the breaking up of any lumps of precipitate. Filtra- 
tion of this add mixture separates the undissolved Nickel 
and Cobalt Sulphids from the solution containing the Manga- 
nese and Zinc. 

321. After completely ridding the filtrate of Hydrogen 
Sulphid by warming, Sodium Hydroxid in excess precipitates 
the Manganese as whitish Mn(0H)2, which on exposure to air 
rapidly oxidizes to brown Mn(0H)8. The Zinc, at first pre- 
cipitated as Zn(0H)2, is dissolved by the excess of Sodium 
Hydroxid as Zincate (Na2Zn02). Filtering removes the 
Manganese, which is confirmed by the fusion test (Na2Mn04 
and K2Mn04 being formed). The alkaline filtrate is treated 
with Hydrogen Sulphid which precipitates white Zinc Sulphid. 

322. The residue insoluble in cold, 5% Hydrochloric 
Add is tested by the borax bead test for Nickel and Cobalt^ 
In the presence of a blue bead, the separation of Cobalt and 
Nickel must be carried out. 



CHAPTER XII 

Group 6 

Metals or Cations precipitated as Carbonates by Ammo- 
nium Carbonate. 

BARIUM 

Symbol, Ba++. Atomic Weight, 137.37. Valence, II. 

323. Barium is a yellowish-white nietal. Melting 
Point 850^C. S./G., 3.75. 

A solution of Barium Chlorid, BaCla, may be used for 
the following tests: 

TESTS 

324. Soluble carbonates like Ammonium Carbonate, 
(NH4)2C08, produce white precipitates of Barium Carbonate, 
BaCOa. If the solution is add, complete precipitation takes 
place only after heating. The precipitate is easily soluble 
in diluted Hydrochloric Add, HCl, in Nitric Add, HNOs 
and Acetic Add, HC2H8O2. Soluble in excess of Ammonium 
Chlorid, NH4CI, upon boiling. 

326. Sulphuric Add, H2SO4, and soluble sulphates pro- 
duce fine, white predpitates of Barium Stdphate, BaS04, 
insoluble in alkalis, nearly insoluble in diluted adds. Very 
slightly soluble in strong, hot Hydrochloric Add, HCl, and 
Nitric Add, HNO,. 

326. Ammonium Oxalate, (NH4) 2C2O4, produces a white 
predpitate of Barium Oxalate, BaC204.H20; soluble in Nitric 
Add, HNOa, and Hydrochloric Add, HCl. Readily dissolved 
by hot dilute Acetic Add, HC2H8O2. 

327, Potassium Chromate, K2Cr04, produces a bright 
yellow predpitate of Bariiun Chromate, BaCr04, soluble in 
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' Hydrochloric Acid, HCl, and Nitric Acid, HNO3. Soluble in 
I Acetic Acid, HCiHaOs. 

328. Di-sodium Hydrogen Phosphate, Na2HP04, pro- 
duces a white precipitate of Barium Hydrogen Phosphate, Ba- 
HPO,, soluble in Nitric Add, HNOj ; Hydrochloric Acid. HCl; 
and Acetic Acid, HCsHjOj. 

S29. Sodium Hydroxid, NaOH, and Potassium Hy- 
droxid, KOH, produce, in very concentrated solutions only, 
. white precipitates of Barium Hydroxid, Ba(OH)s, which re- 
I dissolve in water. 

330. Barium Compounds, heated on a Platinum wire 
n the colorless flame of a Bunsen burner, impart a yellowish- 
I green color to the flame. 



Symbol, Ca++. 



Atcwnic Weight, 40.07. 



Valence, II. 



331. Calcium is a white, lustrous, tough, malleable 
I metal. Melting Point, 760°C. S./G., 1.83. 

A solution of Calcium Chlorid, CaCls, may be used for 
the following tests : 



I 



332. Soluble carbonates like Ammonium Carbonate, 
(NHOtCOa, produce white precipitates of Calcium Carbonate, 
CaCOi, easily soluble in diluted Hydrochloric Acid, HCl; 
1 Nitric Acid, HNOa, and Acetic Add, HCsHsOj. Soluble in 
excess of Ammoniimi Chlorid, NH4CI, upon boiling. 

13. Sulphuric Add, HjSOi, and soluble sulphates pro- 
duce white predpitates of Caldum Sulphate, CaSO*; soluble 
in hot Hydrochloric Add, HCl. Insoluble in Alcohol, 
C»H»OH. In dilute solution predpitation takes place very 
slowly or not at all. 

334. Ammonium Oxalate, (NH4)BCaOi, produces a 
white crystalline precipitate of Calcium Oxalate, CaCjOi.HiO, 
soluble in Hydrochloric and Nitric Add, HCl and HNO3; 
insoluble in Acetic Acid, HCjHaOi, and Oxalic Add, HjCiOj. 
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336. Potassium Chromate, K2Cr04, does not produce 
a precipitate in dilute solutions. Strong, neutral solutions are 
very slowly precipitated. 

336. Di-sodium Hydrogen Phosphate, Na2HP04, pro- 
duces a white precipitate of Calcium Hydrogen Phosphate, 
CaHP04, soluble in Hydrochloric, Nitric and Acetic Adds, 
HCl, HNOs and HCaHsOj. 

337. Sodium Hydroxid, NaOH, and Potassium Hy- 
droxid, KOH, in very concentrated solutions, produce white 
precipitates of Calcium Hydroxid, Ca(0H)2, soluble in 
water. Solution becomes turbid upon heating, but clears 
somewhat upon cooUng. 

338. Calcium Compounds, heated on a Platinum wire 
in the colorless flame of a Bunsen burner, impart a reddish- 
yellow color to the flame. 

STRONTIUM 

Symbol, Sr++. Atomic Weight, 87.63. Valence, II. 

339. Strontium is a yellowish, tough metal. Melts 
at low red heat. S./G., 2.5. 

A solution of Strontium Nitrate, Sr(N08)2, or Strontium 
Chlorid, SrCU, may be used for the following tests. 

TESTS 

340. Soluble carbonates like Ammonium Carbonate, 
(NH4)2C03, produce white precipitates of Strontium Carbo- 
nate, SrCOa, soluble in diluted Hydrochloric Acid, HCl, in 
Nitric Add, HNOs, and Acetic Add, HC2H8O2. Soluble in 
Ammonium Chlorid, NH4CI, upon boiling. 

341. Sulphuric Add, H2SO4, and soluble sulphates, in- 
cluding Caldum Sulphate, CaS04, produce white predpitates 
of Strontium Sulphate, SrS04. Heat assists predpitation. 
Soluble to a sUght extent in Hydrochloric Add, HCl, and 
Nitric Add, HNOs. Insoluble in Alcohol, C2H6OH, and 
Anmionitun Sulphate, (NH4)2S04. 



STRONTIUM 119 

342. Ammonium Oxalate, (NH4)2C204, produces a 
white precipitate of Strontium Oxalate, 2SrC204.5H20, soluble 
in Hydrochloric and Nitric Adds, HCl and HNOa. Some- 
what soluble in Acetic Add, HC2H8O2. 

343. Potassium Chromate, K2Cr04, in concentrated 
solutions only, produces a yellow predpitate of Strontium 
Chromate, SrCr04, soluble in Hydrochloric Add, HCl, and 
Nitric Add, HNOa. Solutions containing Acetic Add, 
HC2H8O2, do not yield a predpitate with the reagent. 

344. Di-sodium Hydrogen Phosphate, Na2HP04, pro- 
duces a white predpitate of Strontiimi Hydrogen Phosphate, 
SrHP04, soluble in Hydrochloric, Nitric and Acetic Adds, 
HCl, HNO3 and HC2H3O2. 

346, Sodium Hydroxid, NaOH, and Potassium Hy- 
droxid, KOH, produce white predpitates of Strontium Hy- 
droxid, Sr(0H)2, in very concentrated solutions. Predpitate 
is soluble in water. 

346, Strontium Compounds, heated on a Platinum 
wire in the colorless flame of a Bunsen burner, impart a, 
crimson color to the flame. 



CHAPTER XIII 

Separation of Group 6 

347. The members of Group 6 are precipitated from 
warm solution, neutral or alkaline, as insoluble Carbonates 
by adding Ammonium Carbonate in slight excess. 

348. If the filtrate from the precipitate of Group 5, or 
a solution free from the members of the first five groups is 
used for the analysis of Groups 6 and 7, the following method 
may be employed to advantage instead of precipitating the 
group directly from the filtrate. 

349. Evaporate the filtrate, or solution free from the 
first five groups, to dryness in a porcelain dish, and heat the 
residue strongly to expell the ammonium salts present. Dis- 
solve the residue m water with the aid of a Uttle Hydrochloric 
Add, using enough water to make the bulk of the solution 
about three quarters of the original bulk. Filter. 

360. Add to the filtrate an amount of Ammonium Chlo- 
rid solution equal to about one quarter of the volimie of the 
filtrate, then Ammonium Hydroxid until alkaline, and finally 
Ammonium Carbonate in slight excess. 

361. After thoroughly shaking, warm the mixture, allow 
it to stand a short time and filter. The filtrate should be 
tested with a little more Ammonium Carbonate in order to 
insure that all of the members of Group 6 are precipitated 
completely. Save the filtrate for Group 7. 

362. The precipitate which forms in the presence of 
members of Group 6, consists of Barium, Strontium and 
Calcium Carbonates, while the filtrate contains the members 
of Group 7, if present. 

363. Dissolve the Group precipitate, after washing, in 
as little warm diluted Acetic Acid as is necessary, by pouring 
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and repouring the acid over the precipitate on the filter paper. 
After the precipitate is completely dissolved, wash the filter 
with a little wann water, collecting the wash water in the 
tube containing the acid filtrate. 

364. Test a small portion of this acid liquid for Bariiun 
by adding to it a few drops of Potassium Chromate. The 
formation of a yellow precipitate indicates the presence of 
Barium. If a yellow precipitate is not formed, Bariimi is 
absent and the remainder of the liquid is examined directly 
for Calcium and Strontium. Cl[358-360.) 

36B. If Barium is found by the above test, the remain- 
der of the acid liquid is treated with Potassium Chromate in 
excess and boiled. The precipitated Barium Chromate is 
removed by filtration and rejected. 

366. The filtrate, containing the Calcium and Stron- 
tium, is made alkaline with Ammonium Hydroxid, and is 
then warmed with an excess of Ammonium Carbonate. This 
reprecipitates the Calcium and Strontium, as carbonates. 
Filter and reject the filtrate. 

357. After washing the precipitate thoroughly with 
water, dissolve it in as little Acetic Acid as is necessary, in the 
same manner as described above. The acid Hquid contains 
the Calcium and Strontium as acetates. 

358. To separate the Strontium from the Calcium, 
evaporate the acid solution to small bulk, and then add from 
20 to 25 Cc. of a solution of Potassium Sulphate {1-200). 
Insure the addition of a sufficient quantity of the sulphate solu- 
tion by allowing the mixture to stand for from 20 to 30 minutes, 
and then testing a small portion of the clear supernatant Hquid 
with a little more Potassium Sulphate solution. If a precipi- 
tate forms in this, add Potassium Sulphate solution to the 
remainder of the mixture. The formation of a fine white 
precipitate by the above treatment indicates the presence of 
Strontium. 

359. To confirm Strontium, filter the mixture, set the 
I filtrate, which contains the Calcium, aside, and wash the 
I precipitate on the paper thoroughly with water. Add a jew 
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drops of Hydrochloric Add to the precipitate, dip a clean 
Platinum wire into the inixtiire, and hold the wire in the 
colorless flame of a Btinsen burner. A lasting, deep crimson 
flame confirms Strontium. 

360. To detect Calcium in the liquid from which Stron- 
tium has been precipitated by Potassium Sulphate, add suffi- 
cient Ammonium Hydroxid to make the liquid alkaline, and 
2 or 3 Cc. of Ammonium Oxalate solution. The formation of a 
fine white precipitate indicates the presence of Calcium. 

COMMENTS 

361. The solution containing the members of Group 
6 is first treated with one quarter volume of Ammonium 
Chlorid, then with Ammonium Hydroxid tmtil alkaline, and 
finally warmed with Ammonitun Carbonate in order to pre- 
cipitate them, since they form insoluble carbonates with 
Ammoniimi Carbonate in alkaline solution. 

362. If the filtrate from Group 5 is used, the addition 
of Ammonium Chlorid may be omitted since it has already 
been added in the precipitation of Group 5. 

363. The Ammonium Carbonate is added as long as a 
precipitate forms. To insure the addition of an excess, the 
fitltrate is tested with a small amount of the reagent. Too 
large an excess of Ammonium Carbonate must be avoided, 
since a large excess of the reagent would remain in the filtrate 
and interfere, to some extent, with the tests for Magnesium, 
Potassiimi, Sodium and Lithium which are made on this fil- 
trate. Therefore, if the addition of Ammoniimi Carbonate to 
a small amount of the filtrate shows the absence of Barium* 
Strontium and Calcium, it is unnecessary to add the reagent 
to the rest of the liquid. 

364. The addition of Ammonium Chlorid, altho a dis- 
advantage as far as the precipitation of Group 6 is concerned 
(since their Carbonates are slightly soluble in excess of Am- 
monium Chlorid), is necessary in order to prevent the pre- 
cipitation of Magnesium as Magnesium Carbonate. 

366. If the analysis of an unknown substance is being 
carried out, the student will find less difficulty in precipi- 
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tating the Carbonates of this Group, especially if present in 
small amounts, by evaporating the filtrate from Group 5 as 
directed in the Separation, instead of precipitating directly 
from the filtrate. The strong heating of the residue by this 
method destroys the Ammonium salts and Sulphur it con- 
tains, as these substances interfere somewhat with the deli- 
cacy of the tests for Barium, Strontitun and Calcium. The 
treatment described may render the Barium, Strontium and 
Caldtmi compounds partly insoluble, but this is overcome by 
using a little Hydrochloric Acid in dissolving the residue 
left after evaporation. 

366. After the evaporation and^ solution processes are 
carried out, the Ammonitmi Chlorid, Ammonium Hydroxid 
and Ammonium Carbonate are added for the reasons given 
above. The mixture is warmed to prevent the formation of 
soluble Bicarbonates. 

367. The group precipitate obtained consists, as already 
stated, of the Carbonates of Bariimi, Strontium and Caldtmi. 
The members of Group 7, being uneflEected by the treatment, 
are found in the filtrate. 

368. After washing the predpitate, warm diluted Acetic 
Add is used to dissolve it. An excess of the add is avoided. 

369. Bariimi is tested for on a portion of the add solu- 
tion by adding drop by drop some solution of Potassium Chro- 
mate which will produce a yellow predpitate of Baritma 
Chromate if Baritmi is present. 

370. If Baritmi is found, the rest of the solution is then 
treated with Potassiimi Chromate solution added in drops, 
and thoroughly shaken after each addition, as long as a pre- 
dpitate forms. Boiling aids the complete predpitation of 
all the Baritmi present. 

371. If Barium is not found by the test made on a 
portion of the solution, the addition of Potassium Chromate 
to the rest of the solution is omitted, and the solution is 
tested directly for Caldum and Strontium. 

372. The filtrate contains only the Strontium and Cal- 
dum, which are separated and identified by making the solu- 
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tion alkaline with Ammonium Hydroxid and then warming 
with Ammoniimi Carbonate. They are reprecipitated in or- 
der to get rid of the excess of the chromate solution used in 
the precipitation of Barium. 

373. The precipitated Strontitun and Calcium Carbo- 
nates are dissolved in warm diluted Acetic Add as above. 
Strontitun is then precipitated as Strontitun Sulphate by 
means of a very dilute Solution of Potassium Sulphate. The 
washed precipitate of Strontium Sulphate is mixed with a 
few drops of Hydrochloric Add and tested on a Platinum 
wire in the Bunsen flame. 

374. The filtrate, containing the Caldum, is treated 
with Ammonium Hydroxid until alkaline, and then with 
Ammonium Oxalate, which produces a fine, white predpitate 
of Caldum Oxalate in the presence of Caldum. 



CHAPTER XIV 

Group 7 

Metals or Cations not precipitated by any one Group 
Reagent. 

POTASSIUM (Kalium) 

Symbol, K+. Atomic Weight, 39.1. Valence, I. 

376. Potassium is a soft, waxy, silver-white metal. 
Melting Point, 62.5°C. S./G., 0.865. 

A solution of Potassitun Nitrate, KNOs, or Potassium 
Chlorid, KCl, may be used for the following tests: . 

TESTS 

» 

376. Chloroplatinic Acid, H2PtCl6, in concentrated 
solutions of the Chlorid, produces a yellow, crystalline precipi- 
tate of Potassium Chloroplatinate, K2PtCl6, slightly soluble 
in water. Insoluble in Alcohol, C2H6OH. Precipitation is 
assisted by the addition of Alcohol and stirring. 

377. Sodium Hydrogen Tartrate, NaHC4H406, and Tar- 
taric Acid, H2C4H4O6, in concentrated solutions, produce white 
crystalline precipitates of Potassiimi Hydrogen Tartrate or 
** Cream of Tartar," KHC4H4O6. Precipitation assisted by 
stirring and the addition of Alcohol, C2H6OH. 

378. Perchloric Acid, HCIO4, produces a white crys- 
talline precipitate of Potassium Perchlorate, KCIO4. 

379. Soditmi Cobaltic Nitrite, Na8Co(N02)6, produces 
a yellow, crystalline precipitate of Potassitmi Cobaltic Nitrite, 
K8Co(N02)6, from neutral or alkaline solutions. 

380. Potassitmi Compounds impart a violet color to the 
colorless flame of a Bunsen burner. Since traces of Soditmi 
obscure this reaction, it is best viewed thru a piece of Cobalt 
glass, which absorbs the light emitted by Sodium Compounds. 

126 
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SODIUM (Natrium) 
Symbol, Na^. Atomic Weight, 23. Valence, I. 

« 

381. Sodium is a soft, waxy, silver-white metal. Melt- 
ing Point, 95.6°C. S./G., 0.9735. 

A solution of Sodium Chlorid, NaCl, may be used for 
the following tests: 

TESTS 

382. Chloroplatinic Acid, H2PtCl6, does not produce a 
precipitate. 

383. Sodium Hydrogen Tartrate, NaHC4H406, does 
not produce a precipitate. 

384. Tartaric Acid, H2C4H4O6, does not produce a pre- 
cipitate. 

385. Potassiimi Pyroantimoniate, K2H2Sb207, in neu- 
tral or slightly alkaline solutions, produces a white, crystal- 
line precipitate of Soditmi Pyroantimoniate, Na2H2Sb207. 
6H2O. This test is inapplicable in the presence of metals 
other than Potassium, as they precipitate the Potassium 
Pyroantimoniate. 

386. Compounds of Sodium impart an intense yellow 
color to the colorless flame of the Bunsen burner. 

MAGNESIUM 

Symbol, Mg++. Atomic Weight, 24.32. Valence, II. 

387. Magnesium is a white, hard, malleable, strongly 
lustrous metal. Melting Point, about 750°C. S./G., 1.75. 

A solution of Magnesium Sulphate, MgS04, may be used 
for the following tests: 

TE$TS 

388. Di-sodium Hydrogen Phosphate, Na2HP04, in 
concentrated solutions, produces a white, flocculent precipi- 
tate of Magnesium Hydrogen Phosphate, MgHP04. If Am- 
monium Chlorid, NH4CI, and Ammonium Hydroxid, NH4OH, 
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are added before the addition of the Sodium Hydrogen Phos- 
phate, a white crystalline precipitate of Magnesium Ammo- 
nium Phosphate, MgNH4P04.6H20, is formed. Stirring assists 
precipitation from dilute solutions. The precipitate is soluble 
in Hydrochloric, Nitric and Acetic Adds, HCl, HNOg and 
HC2HJO2. 

389. Ammonium Carbonate, (NH4)2C08, produces a 
white precipitate of Basic Magnesium Carbonate, SMgCOs.- 
Mg(0H)2, on boiling, in solutions free from Ammonium salts. 
In dilute solutions this precipitate may appear only after long 
standing. In excess of Ammonium Carbonate, a white crys- 
talline precipitate of MgC08(NH4)2C03 is formed. Large 
quantities of Ammonium salts prevent precipitation. 

390. Sodium Carbonate, Na2C03, and Potassium Car- 
bonate, K2CO8, produce white precipitates of Basic Magne- 
sium Carbonate, 3MgC08.Mg(OH)2, soluble in Ammonitun 
Chlorid, NH4CI. 

391. Ammonium Hydroxid, NH4OH, produces a white, 
flocculent precipitate of Magnesium Hydroxid, Mg(0H)2. 
Precipitation is incomplete, and does not take place in the 
presence of Ammonium salts. Ammonium Hydroxid in the 
presence of a high concentration of Ammonium ion is a much 
weaker base than Magnesitun Hydroxid, and therefore if an 
Ammonitun salt, like Ammonium Chlorid, NH4CI, is added to a 
solution containing Magnesium Hydroxid, the Hydroxyl ion 
from the Mg(0H)2 will combine with the Ammonitun ion to 
form the sUghtly dissociated Ammonium Hydroxid, thtis 
decreasing the amount of Magnesium Hydroxid in solution. 
Therefore, the addition of Ammonium salts readily dissolves 
the precipitate of Magnesium Hydroxid. 

392. Potassium and Sodium Hydroxids, KOH and 
NaOH, produce white precipitates of Magnesium Hydroxid, 
Mg(0H)2. Precipitation is assisted by boiling. 

393. Magnesium Compounds do not impart a color to 
the colorless flame of the Bunsen burner. 
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LITHIUM 

Symbol, Li+. Atomic Weight, 6.94. Valence, I. 

394. Lithium is a silver-white, ductile metal. Melting 
Point, 180°C. S./G., 0.59. 

A solution of Lithium Chlorid, LiCl, may be used for 
the following tests. 

TESTS 

396. Di-soditmi Hydrogen Phosphate, Na2HP04, in 
concentrated solutions, produces a white, crystalline precipi- 
tate of Lithium Phosphate, Li8P04. 

396. Sodium Carbonate, Na2C08, produces in cold con- 
centrated solutions a white precipitate of J^ithium Carbonate, 
Li2C08. 

397. Lithitmi Compounds impart a carmine-red color 
to the colorless flame of the Bunsen burner. 

AMMONIUM 

Formula, NH4+. Molecular Weight, 18.042. Valence, I. 

398. The cation Ammonium, NH4, does not exist in the 
free state, but corresponds in its behavior with anions to 
Potassitmi and Sodium. It also forms an amalgam. 

A solution of Ammonium Chlorid, NH4CI, may be used 
for the following tests: 

TESTS 

399. Chloroplatinic Add, H2PtCl6, in concentrated sol- 
utions, produces a yellow, crystalline precipitate of Ammonium 
Chloroplatinate, (NH4)2PtCl6, similar in appearance to the 
corresponding Potassium salt. The precipitate is soluble in 
water, but insoluble in Alcohol, C2HBOH. Stirring and the 
addition of Alcohol assists precipitation. 

400. Sodium Hydrogen Tartrate, NaHC4H406, in con- 
centrated solutions, produces a white, crystalline precipitate 

of Ammonitun Hydrogen Tartrate, NH4HC4H4O6. Precipi- 
9 
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tation assisted by stirring. The precipitate is soluble in 
acids and alkali hydroxids. 

401. Tartaric Add, H2C4H4O6, under the same condi- 
tions, produces the same precipitate. 

402. Sodium Cobaltic Nitrite, NajCo(N02)6i produces 
a precipitate similar to that produced in solutions of Potas- 
sium salts. The precipitate formed is Ammonium Cobaltic 
Nitrite, (NH4)8Co(N02)6. 

403. Potassium and Sodium Hydroxids, KOH and 
NaOH, added to a solution of an Ammonium compound, 
liberate Ammonia gas, NHg, on boiling. The gas may be 
detected by its odor or by the color it imparts to red litmus. 

404. Nessler'§ Reagent (Hgl2.2KI or KJiglA) produces a 
brownish precipitate, or, if the solution is very dilute, a yellow- 
ish-brown color. The compound produced has the formula NH2- 
Hg20I. The reaction is an extremely delicate one, for by it, 
one part of Ammonia in one million parts of water can be easily 
detected. 



CHAPTER XV 
Separation of Group 7 

W6. A solution containing the members of this Group, 
' or the filtrate from the precipitate of Group 6 in the case o£ 
unknown solutions, is examined as follows: 

406. If the filtrate from the precipitate of Group 6 is 
being examined, it will contain not only the members of Group 
7, but, in addition, some of the reagents used to precipitate 
the members of the preceding Groups. Ammonium com- 
pounds, which were used to precipitate other Groups will be 
present, and this filtrate can not be used for the detection of 
Ammonium Compounds which may have been in the original 
substance. 

407. A portion of the original material is therefore 
tested for Ammoniiun Compounds as follows: Add a solution 
of Potassium Hydroxid or Sodium Hydroxid untU alkaline 
and boil. Close the mouth of the tube with the thumb. If 
Ammonium Compounds are present Ammonia gas will be 
evolved, and may be recognized by its odor, or by its effect 
on moistened red litmus paper which is turned blue. If litmus 
paper is used, care must be taken that the paper does not 
come in contact with the sides of the tube, in which case the 
paper may be turned blue by the alkali hydroxid which may 
be on the sides of the tube. 

408. If a solution containing only members of Group 7 
' is being examined, the test for Ammonium Compounds is of 

course made on a portion of it. 

409. Divide the filtrate, or solution, into a large and a 
Email portion. The small part of the filtrate, or solution, con- 
taining the members of Group 7 is examined for Magnesium. 
Add to it Ammonium Chlorid and Ammonium Hydroxid, if 
not already present, and some Di-sodium Hydrogen Phos- 
phate solution. If Magnesium is present, a white, crystalline 
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precipitate of Magnesium Ammonium Phosphate will appear 
at once, or, in the case of dilute solutions, after standing some 
time. If the precipitate is other than crystalline. Magnesium 
is absent. 

410. If Magnesium is not found by the foregoing test, 
the rest of the liquid is evaporated to dryness, as directed 
below, and the residue tested directly for Lithiimi, etc. (1f416- 
423.) 

411. If Magnesium is found, evaporate the large part 
of the filtrate, or solution, to dryness on a water-bath, and 
carefully heat the residue over the free flame until the white 
fumes of the Ammonitun salts cease to be evolved. 

412. If no residue remains, Potassitmi, Sbditun and 
Lithitun are absent. 

413. In the case of a residue, dissolve it in water and 
a few drops of Hydrochloric Acid. Boil the fluid and add 
Barium Hydroxid. This will precipitate all of the Magne- 
sium as Magnesitmi Hydroxid. Filter off the precipitate and 
reject it. 

414. Add Ammonitmi Carbonate to the filtrate to pre- 
cipitate the Barium as insoluble Barium Carbonate. Filter 
again and reject the precipitate. 

416. Evaporate the filtrate to dryness and gently ignite 
the residue until free from Ammonium salts as above. 

416. Test the residue for Lithitmi by means of the 
flame test. A carmine color imparted to the nonluminous 
flame of the Bunsen btuner indicates Lithium. 

417. If Lithitmi is absent, dissolve the remainder of the 
residue in the smallest possible quantity of water and test 
for Soditma and Potassium as described in 1[421, 422, 423. 

418. If Lithitmi is found by the flame test, to confirm, 
moisten the residue with concentrated Hydrochloric Add and 
evaporate to dryness on a water-bath. 

419. Extract this residue with a mixture of equal parts 
of absolute Alcohol and Ether. Lithitmi Chlorid dissolves 
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leaving the Potassium and Sodium Chlorids as insoluble 
residue. Filter. 

420. Evaporate the filtrate to dryness on a water-bath, 
place a portion of the residue on a Platinum wire, and hold it 
in the non-luminous flame. Lithium, if present, will impart 
a carmine color to the flame. 

421. Dissolve the residue, insoluble in the mixture of 
Alcohol and Ether, in the smallest possible quantity of water 
and filter thru a very small filter. Moisten a clean Platinum 
wire with some of the filtrate, and hold in the non-luminous 
flame. An intense yeUow flame indicates the presence of 
Sodium. A violet flame indicates the presence of Potassium 
and the absence of Sodium. 

422. If Sodium is found by the flame test, Potassitun 
may also be present, since the violet color imparted by Potas- 
situn may be covered by the intense yellow color of the Sodium 
flame. To detect the Potassium flame in the presence of 
Sodium, a piece of Cobalt glass may be employed as in the 
special tests for Potassitun. The blue glass cuts off the yellow 
rays and the violet can then be seen. 

423. In order to prcroe the presence of Potassium, place 
a small quantity of the filtrate in a watch-glass, add a few 
drops of Alcohol and a small quantity of Chloroplatinic Add, 
and stir with a glass rod. If Potassium is present, a yellow 
crystalline precipitate will form. It must be remembered 
that if all Ammonium salts are not driven off they will give 
the same colored precipitate with Chloroplatinic Acid as the 
Potassium salts. 

COMMENTS 

424. The test for Ammonium Compotmds made on a 
portion of the original material depends upon the fact that 
Ammonium salts are decomposed, when heated with alkali 
hydroxids, yielding Ammonia gas. 

426. A part of the alkaline filtrate from Group 6, or the 
fluid to which Ammonium Chlorid and Ammonium Hydroxid 
have been added, if not already present, is treated with Sodium 
Hydrogen Phosphate which precipitates Magnesium as white. 
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crystalline Magnesium Ammonium Phosphate. The Ammo- 
nium Chlorid was added to prevent the precipitation of 
Magnesium as Magnesitun Hydroxid first formed by the Am- 
monium Hydroxid. (See 1[265, page 102.) 

426. The remainder of the liquid is evaporated to dry- 
ness and ignited to get rid of the large quantity of Ammo- 
nium salts which has been added in the separation of the 
members of the preceding groups, since these Ammonitmi 
salts interfere with the test for Potassitmi. Since all Ammo- 
nium salts are volatile, the method described removes them 
without interfering with the non-volatile Potassium, Sodium 
and Lithium compounds possibly present. 

427. The residue is dissolved in water with the aid of 
Hydrochloric Add, and the Magnesium removed before test- 
ing for Potassium, Sodium and Lithium. This is accom- 
plished, as described, by precipitating Magnesium as insol- 
uble Magnesium Hydroxid by boiling with Baritmi Hydroxid. 
The precipitated Magnesium Hydroxid is filtered off, and 
the Baritmi removed by precipitating it as insoluble Carbo- 
nate by the addition of Ammonium Carbonate. Filtration 
removes the Barium Carbonate, and the filtrate is freed from 
Anmionium compounds by heating as before. 

428. Lithium is tested for in the residue by means of 
the Platinum wire. If found, the residue is moistened with 
Hydrochloric Add to convert the three metals to chlorids. 

429. This mixttire of Potassium, Sodium and Lithium 
Chlorids is evaporated to dryness and Lithium (the only one 
of the three that is spluble in a mixture of Alcohol and Ether) 
removed by treatment with equal parts of Alcohol and Ether. 

430. Upon filtering, the Potassitmi Chlorid and Sodium 
Chlorid remain on the filter, while the Lithium Chlorid passes 
thru in the filtrate. 

431. The residue (KCl and NaCl), insoluble in Alcohol 
and Ether, is dissolved in a very small amount of water, fil- 
tered, and tested for Potassium and Sodium by the flame 
tests. Sodium if present would obscure the violet of the 
Potassium flame and therefore Cobalt glass is used to cut 
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oflE the yellow rays and reveal the violet color of Potassium. 
However, the Chloroplatinic Add test should always be em- 
ployed to confirm the presence of Potassitmi. Potassium 
Chloroplatinate is precipitated. (1f378 may also be used.) 

432. Chloroplatinic Acid gives with Ammonium Com- 
pounds a fine, yellow precipitate of Ammonium Chloroplati- 
nate, which it is practically impossible to distinguish by its 
appearance from Potassium Chloroplatinate. Ammonium 
Chloroplatinate, however, upon ignition leaves only metallic 
Platinum. It is very important therefore to expel all Ammo- 
nitun salts before testing for Potassium with Chloroplatinic 
Acid. The heating process employed to drive oflE Am- 
monium salts does not effect the non-volatile Lithium, So- 
ditun and Potassitmi compounds. 



Part II 

THE ACIDS OR ANIONS 

433. It is essential that the student be familiar with 
the individual reactions of each Add (as well as the reac- 
tions of each Metal already described and studied) before 
he can hope for success in testing complex mixtures. The 
Acids or Anions cannot be separated into Groups by a scheme 
of separation similar to that used for the Metals or Cations. 
They can be divided into Groups according to their reactions 
with reagents, but no successful method can be used for the 
detection of the individual members of these Groups by first 
precipitating a group and then attempting to isolate each con- 
stituent of this group precipitate. The Acids are therefore 
detected more by the application of the special tests described 
in the Chapters that follow. 

434. For convenience they are divided into the follow- 
ing Groups: 

Group A 

Acids or Anions precipitated from neutral solution by 
Barium Chlorid. 

Group B 

Acids or Anions precipitated from dilute Nitric Acid 
solution by Silver Nitrate. 

Group C 

Acids or Anions not precipitated by Barium Chlorid 
OR Silver Nitrate. 
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CHAPTER XVI 

Group A 

436. Acids or Anions precipitated from neutral solution 
by Barium Chlorid. 

In this Group are found Sulphates, Sulphites, Thiosul- 
phates, Phosphates (Ortho, Pyro and Meta), Borates, Fluor- 
ids. Silicates, Carbonates, Chromates, Arsenates, Arsenites, 
and also the organic acids — Oxalates, Tartrates and Citrates. 

SULPHURIC ACID AND SULPHATES 

Formula, H2SO4. Anion, SO4 — , and HSO4.*" 

436. Pure Sulphuric Acid is a colorless, odorless, oily, 
heavy Uquid, S./G., 1.84 (96 %). 

Most of the sulphates are soluble in water, the most 
important exception being Barixmi. Those of Calcitmi, Stron- 
tixmi, and Lead are difficultly soluble. The anions SO4 — and 
HSO4 — are colorless and permanent. 

A solution of Magnesitmi Sulphate, MgS04, may be used 
for the following tests: 

TESTS 

437. Baritun Chlorid, BaCU, produces a white precipi- 
tate of Baritun Sulphate, BaSOi. The precipitate is insolu- 
ble in acids. 

438. Lead Acetate, Pb(C2H802)2, produces a white 
precipitate of Lead Sulphate, PbS04, soluble in boiling con- 
centrated acids, Ammonitmi Acetate, NH4C2H8O2, and Am- 
monitun Tartrate, (NH4)2C4H406. 

439. If a solid Sulphate is fused on charcoal with So- 
ditun Carbonate, Na2C08, a residue containing Soditun Sul- 
phid, Na2S, is produced. If a portion of the fused residue is 
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SULPHUROUS ACID 



placed on a bright silver coin and moistened with water, a 
black stain of Silver Sulphid, AgjS, is produced. 



SULPHUROUS ACID AND SULPHITES 



Formula, HjSOs. 



Anion, Sd— , and HSO," 



440. Altho Sulphurous Acid does not exist in the free 
state, we assume its presence in solution; because of its 
property of forming salts with bases, its property of evolv- 
ing Hydrogen gas with some metals, and its property of con- 
ducting the electric current. 

Sulphites are more or less insoluble in water, excepting 
those of the alkali metals, which give colorless solutions. 

A solution of Sodium Sulphite, NajSOs, may be used 
for the following tests: 

TESTS 

441. Barium Chlorid, BaClj, produces a white precipi- 
tate of Barium Sulphite, BaSOa, which is soluble in adds. 

442. Diluted Hydrochloric Add, HCl, decomposes Sul- 
phites with the evolution of Sulphur Dioxid, SOj, recognized 
by its odor {that of burning Sulphm-), and its bleaching 
action on organic coloring matter. 

443. Silver Nitrate, AgNOa, produces a white predpi- 
tate of Silver Sulphite, AgSOj, soluble in Nitric Add, HNO, 
and Ammonium Hydroxid. Boiling decomposes the predpi- 
tate into metallic Silver, Silver Sulphate, AgaSO*, and 
Sulphur Dioxid, SOj. 

444. Hydrogen Sulphid, H^S, decomposes Sulphurous 
Add with the separation of Sulphur and the formation of 
Pentathionic Add, HjS^Os [ion, (StOg)—]. 

THIOSULPHURIC ACID AND THIOSULPHATES 

Formula, HsSiOa. Anion, S»0»— . 

446. THIOSULPHURIC Acid is not known in the free 
state, but exists in combination with bases as salts known 
as Thiosulphates (also called Hyposulphites), 
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The alkali thiosulphates are readily soluble in water, 
giving colorless solutions; the remainder difficultly soluble. 

A solution of Sodixmi Thiosulphate, NaaSaOs, may be 
used for the following tests: 

TESTS 

446. Barium Chlorid, BaCU, produces a white precipi- 
tate of Baritun Thiosulphate, BaS208, soluble in a large ex- 
cess of water. Soluble also in Hydrochloric Add, HCl, with 

evolution of Sulphur Dioxid, SO2, and separation of Sulphur. 

« 

447. Ferric Chlorid, FeCls, added to a solution of an 
alkali thiosulphate, produces a reddish-violet color, due to 
the formation of Ferric Thiosulphate, Fe2(S208)s. Upon 
standing, the color finally disappears with formation of color- 
less Ferrous Chlorid, FeCU, and alkali Tetrathionate (as 
Na2S406). (Distinction from Sulphites.) 

448. Diluted Hydrochloric and Sulphuric Adds, HCl 
and H2SO4, produce decomposition with evolution of Sulphur 
Dioxid, SO2, recognized by its odor, and the separation of 
Sulphur. 

449. Silver Nitrate, AgNOs, produces a white predpi- 
tate of Silver Thiosulphate, Ag2S20s. The predpitate be- 
comes yellow, brown and finally black, due to the formation 
of Silver Sulphid, Ag2S. 

ORTHOPHOSPHORIC ACID AND ORTHO- 
PHOSPHATES 

Formula, HaPO*. Anion, PO4 , HPO4— , and H2PO4-. 

460. Anhydrous Orthophosphoric Acid occurs in the 
form of six-sided rhombic prisms. Melting point, 386®C. 
Easily deliquesces to a thick syrupy liquid. At 260®C. it is 
converted to Pyrophosphoric Add, and at 300®C. to Meta- 
phosphoric Add. 

Orthophosphates of the alkalies and alkaline earths 
(neutral) are soluble in water, giving colorless solutions, 
the others are soluble in adds. 



PHOSPHORIC ACm 



A solution of Di -sodium Hydrogei 
I may be used for the following tests: 



Phosphate, NaiHP04, 



I 



461. Barium Chlorid, BaCls, produces, in neutral solu- 
tions, a white precipitate of Barium Hydrogen Phosphate, 
BaHPO<, (Bariiun Phosphate, BasCPOOs, in presence of 
Ammonia), soluble in Hydrochloric, Nitric, and Acetic Acids, 
HCl, HNOs, and HCsHaOs. 

462. Silver Nitrate, AgNOs, produces a yellow precipi- 
tate of Silver Phosphate, Ag3P04, soluble in Nitric Acid, 
HNO3, and Ammonium Hydroxid, NHiOH. 

453. Magnesia Mixture produces a white crystalline 
precipitate of Magnesium Ammoniiun Phosphate, MgNH4- 
POi- In dilute solutions the precipitate forms more rapidly 
if the sides of the vessel are rubbed with a glass rod. 

454. Carefully warmed on a water-bath with Ammonium 
Molybdate, {NHi)5Mo04, in excess, produces a yellow precipi- 
tate of Ammonium Phosphomolybdate, (NHi)3P04{MoO3)is, 
in a solution of a Phosphate acidified with Nitric Acid, HNO3. 
The precipitate is soluble in Ammoniiim Hydroxid, NH4OH, in 
excess of a Phosphate solution or Orthophosphoric Acid, 
HbPO-. Insoluble in diluted Nitric Acid, HNO3. 



PYROPHOSPHORIC ACID AND PYROPHOSPHATES 
Formula, HtPiOi. Anion, Pid . 

466. Pyrophosphoric Acid occurs in the fonn of 
opaque, white crystalline masses. Easily soluble in water. 

Pyrophosphates of the alkalis are soluble in water. 
( The others are insoluble or difficultly soluble in water, but sol- 
l.ublein adds. 

Use a solution of Sodium Pyrophosphate, Na^PaO?. 



456. Barium Chlorid, BaCla, produces a white precipi- 
Itate of Barium Pyrophosphate, BaaPjO?, soluble in acids. 



142 QUALITATIVE CHEMICAL ANALYSIS 

467. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Pyrophosphate, AgiPaOj, soluble in Ammonium 
Hydroxid, NH4OH, and in Nitric Acid, HNO,. 

468. Solutions of Pyrophosphoric Acid do not coagulate 
Albumin. 

469. On boiling a solution of a Pyrophosphate with 
Nitric Acid, HNOs, it is converted to an Orthophosphate. 

460. Pyrophosphates are not precipitated by Ammo- 
nium Molybdate, (NH^jMoOi, in the cold. 

METAPHOSPHORIC ACID AND METAPHOSPHATES 
Formula, HPOs. Anion, POj-. 

461. Metaphosphoric Acid occurs in the form of a 
glassy, hygroscopic mass. The Alkali and Magnesitun salts 
are soluble in water. 

Use a solution of Soditun Metaphosphate, NaPOs. 

TESTS 

462. Baritun Chlorid, BaCU, produces a white precipi- 
tate of Baritun Metaphosphate, Ba(P0s)3. 

463. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Metaphosphate, AgPOs, soluble in Nitric Add 
and in Ammonitun Hydroxid. 

464. Solutions of Metaphosphoric Add coagulate 
Albtunin solutions. Alkali salts do not. 

466. On boiling, Metaphosphoric Add is converted to 
Orthophosphoric Add. 

466. Metaphosphates are not predpitated by Ammo- 
nitun Molybdate, (NH4)2Mo04, in the cold. 

(ORTHO) BORIC ACID AND BORATES 
Formula, HsBOs. Anion, BOs , (BOj", B4O7— ). 

467. (Ortho) boric Acid occurs as transparent, color- 
less scales of pearly lustre, or in the form of six-sided, tridinic 
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plates. Soluble in 18 parts of water. At 100°C. Orthoboric 
Acid loses one molecule of water and is converted to Meta- 
BORic Acid, HBOj (Anion, BOj"). When kept at leCC. for 
some time the Pyrobokic Acid, HiB407, (Anion, B,07*~), is 
produced. Alkali borates form colorless solutions. 

A solution of Sodium Tetraborate (Borax), NaaB407, 
may be used for the following tests: 



468. Bariimi Chlorid, BaCU, produces a white precipi- 
tate of Barium Metaborate. Ba(B03)j, in concentrated solu- 
tions. The precipitate is soluble in excess of Barium Chlorid, 
and in Ammonium Chlorid, NH4CI, 

469. Borates, moistened with concentrated Sulphuric 
Add, HiSO,, liberate Boric Acid, HjBOi. If Methyl Alcohol, 
CHsOH, is added and ignited, a greenish flame is produced. 
The greenish color imparted to the flame is due to the forma- 
tion of a volatile ester of Boric Acid, B(OCHb)». 

470. Tumeric Paper, moistened with a solution of a 
Borate made slightly add with Hydrochloric Add, HCl, and 
dried, becomes reddish-brown. 

471. Silver Nitrate, AgNO», added to a concentrated 
solution of a neutral Borate, produces a white predpitate of 
Silver Metaborate, AgBOj. On wanning a brown predpitate 
of Silver Oxid is obtained. The predpitate is soluble in Nitric 
Add, HNOj, and jn Ammonium Hydroxid, 



HYDROFLUORIC ACID AND FLUORIDS 
[ Formula, HF, Anion, F.- 

472. Pure, anhydrous Hydrofluoric Acid is a color- 
less liquid which boils at 19.4°C. It has the property of 
etching glass. The acid should be handled carefully. 

Fluorids of the alkali metals, of Silver, Aliuninium, 
Mercury and Tin, are readily soluble in water, yidding color- 
less solutions. Those of the alkaline earths, and of Copper, 
Lead, and Zinc are practically insoluble. 
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A solution of Potassitmi Pluorid, KF, or of Sodium, NaP, 
may be used for the following tests: 



TESTS 

473. Baritmi Chlorid, BaCU, produces a white, bulky 
precipitate of Bariimi Fluorid, BaP2, soluble in Hydrochloric 
and Nitric Acids, HCl and HNOs. 

474. Calcium Chlorid, CaCU, produces a gelatinous 
precipitate of Calcium Fluorid, CaFa, slightly soluble in cold 
Hydrochloric Acid, HCl. 

476. Mix the dry powdered substance with concen- 
trated Sulphtiric Acid, H2SO4, in a dish, and cover the dish 
with a watch-glass, the convex side of which is coated with 
wax in which some design has been scratched. Pill the 
watch-glass with water to prevent the melting of the wax 
when heat is applied. Heat the dish gently for a few min- 
utes. Allow the dish to stand 20 or 30 minutes. Then re- 
move the wax from the watch-glass and the design will ap- 
pear etched in the glass. The Hydroflouric Acid, formed by 
the reaction between the alkali fluorid and Sulphtiric Add, 
reacts with the Silicic Oxid, SiOa, of the glass, forming vola- 
tile Silicon Fluorid, SiF4. 

SILICIC ACID AND SILICATES 

Formula, HaSiOs. Anion, SiOa — , (SiO* , SijOs — , etc.) . 

476. Pure Silicic Acid is not met with in the free 
state, but its anhydrid, "Silica** or Silicon Dioxid, SiOj, is 
found most abundantly in quartz. 

Silicates of the alkali metals are soluble in water. All 
the other silicates are insoluble in water. 

A solution of Sodium Silicate, NaaSiOs, may be used 
for the following tests: 

TESTS 

477. Barium Chlorid, BaCU, produces a gelatinous pre- 
cipitate of Barium Silicate, BaSiOs. 
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478. Hydrochloric Acid, HCl, produces a gelatinous 
precipitate, in concentrated solution, of Ortho-silicic Acid, 
H4SiO*. Upon evaporating the mixture to dryness on a 
water-bath, "Sihca" is left as a fine white, amorphous powder. 

479. Ammonium Chlorid, NH4C1, also precipitates 
Sihcic Acid from concentrated solutions of alkali silicates. 

480. If a Silicate is fused in a bead of Sodium Meta- 
phosphate, NaPOa, an insoluble skeleton of Silica is obtained. 

CARBONIC ACID AND CARBONATES 



Formula, HjCOj. 



Anion, C0»— and HCOr 



481. Carbonic Acid is not known in the free state, 
but is supposed to exist in aqueous solution charged with Car- 
bon Dioxid, COj. Its anhydrid, COi, is a colorless, odorless 
gas, with a weak acid taste, and 1.529 times heavier than air. 

Carbonates and Bicarbonates of the alkali metals are 
soluble in water, yielding colorless solutions. Other car- 
bonates are insoluble in water. The Bicarbonates of certain 
metals, like Magnesium. Calcium, Strontium, etc., are soluble 
in water. 

A solution of Sodium Carbonate, NajCOs, may be used 
for the following tests: 



482. Barium Chlorid, BaClj, produces a white precipi- 
tate of Barium Carbonate, BaCOa, soluble with effervescence 
in diluted acids. 

483. Diluted Acids (except Hydrocyanic, HCN, and 
Sulphydric, HiS) produce an effervescence, due to evolu- 
tion of Carbon Dioxid gas. If the liberated gas is passed into 
a tube containii^ clear Calcium Hydroxid, Ca{OH)), solution 
(Lime Water), a turbidity is produced due to the formation 
of insoluble Calcium Carbonate, CaCOa. 

484. Silver Nitrate, AgNOj, produces a white precipi- 
tate of Silver Carbonate, AgiCOg, soluble in Nitric Acid 
and Ammonium Hydroxid. 
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CHROMIC ACID AND CHROMATES 

Formula, H2Cr04. Anion, Cr04 — and CrjO? — . 

486. Chromic Acid cannot be isolated. The anhydrid, 
CrOs, is red, crystalline, very soluble, and a powerful oxidizing 
agent. 

Chromates of Calcium, Strontium, Magnesium and 
the alkali metals are soluble in water. Most of the others are 
insoluble. Solutions of the chromates are yellow. The 
Dichromates (Compounds of the Anion Cr207 — ) are soluble, 
yielding a deep reddish-yellow solution. 

A solution of Potassium Chromate, KjCrOi, may be 
used for the following tests: 

TESTS 

486. Barium Chlorid, BaQU produces a yellow precipi- 
tate of Barium Chromate, BaCr04, soluble in Hydrochloric 
arid Nitric Acids, HCl and HNOs. 

487. Hydrogen Sulphid, H2S, in the presence of Hydro- 
chloric Acid, HCl, reduces solutions of Chromates forming 
soluble Chromium Chlorid, CrCU (Chromic ion), and pre- 
cipitating Sulphur. The color changes from yellow to green. 

488. Lead Acetate, Pb(C2H302)2, produces a yellow, 
crystalline precipitate of Lead Chromate, PbCr04, insoluble 
in water and Acetic Acid, HC2H8O2. Soluble in Nitric Acid, 
HNOs, and Sodium Hydroxid, NaOH. 

489. Silver Nitrate, AgNOs, produces a purplish-red 
precipitate of Silver Chromate, Ag2Cr04, soluble in Nitric 
Acid, HNOs, and Ammonium Hydroxid, NH4OH. 

• 

490. Hydrogen Dioxid, H2O2, added to a dilute solution 
of a Chromate acidified with Hydrochloric Acid, HCl, pro- 
duces a blue coloration, due to formation of Perchromic Acids. 
Results are only secured with dilute solutions. If the mix- 
ture is shaken with Ether, (C2H6)20, the blue compound is 
extracted from the water and the ethereal layer becomes 
blue in color. 
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ARSENIOUS ACID AND ARSENITES 
Formula, HiAsOa. Anion, AsOj , and HAsOa^^. 

491. Arsenious Acid is not known in the free state, 
for upon liberation from its salts, it breaks up into its aohy- 
drid and water:— 2H,As03 = As* O3 + 3HsO. 

An alkaline solution of Sodium Metarsenite, NaAsOs, 
may be used for the tests. 



492. Employ the Tests described under Arsenious Com- 
pounds on Pages 79-81. 

ARSENIC ACID (Ortho) AND ARSENATES 
Formula, HaAsOj. Anion, AsO, , HAsO,— . 

493. Free Arsenic Acid cannot be isolated, its an- 
hydrid, AsiOj, is obtained instead. Heated to 180°C. brings 

about a conversion to Pyroarsekate AsiOj , and at 200''C. 

to Metarsenate AsOa~. When heated to redness, a glassy 
mass of Arsenic Pentoxid, AssOb, is formed. 

A solution of Sodium Arsenate, NajHAsOi, may be 
used for the tests : 



494. Employ the Tests described under Arsenic Com- 
pounds on Pages 81-82. 

' OXALIC ACID AND OXALATES 
Formula, HjCiO,. Anion, CO — and HCjOr- 

495. Oxalic Acid occurs in colorless, four-sided, pris- 
matic crystals, resembling closely those of Magnesium Sul- 
phate. Soluble in water and Alcohol. 

Oxalates of the alkali metals and of Magnesium are 
soluble in water, forming colorless solutions. Most of the 
others are insoluble. 

A solution of Ammonium Oxalate (NHOiCjO*, may be 
used for the following tests: 
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TESTS 

496. Barium Chlorid, BaCU, produces a white precipi- 
tate of Barium Oxalate, BaC204, soluble in Nitric and Hy- 
drochloric Acids, HNOs and HCl. 

497. Calcium Chlorid, CaCU, produces a white precipi- 
tate of Calcium Oxalate, CaC204, soluble in Hydrochloric 
and Nitric Acids, HCl and HNOs. Insoluble in Acetic Acid, 
HC2H8O2. 

498. Calcium Sulphate, CaS04, gives the same pre- 
cipitate as the preceding. 

499. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Oxalate, Ag2C204, soluble in Nitric Acid, HNOj 
and Ammonium Hydroxid, NH4OH. 

600. When Oxalates or Oxalic Acid are heated with 
concentrated Sulphuric Acid, H2SO4, they are decomposed 
with the evolution of Carbon Monoxid and Carbon Dioxid, 
CO and CO2. If the evolved gases are passed into a tube 
containing a clear solution of Calcium Hydroxid, Ca(OH)j, 
(Lime Water), the precipitated Calcium Carbonate, CaCOs, 
indicates the presence of Carbon Dioxid. 

601. Upon ignition. Oxalates of the Alkalies and Alka- 
line Earths are decomposed into Carbon Dioxid, COj, and 
Carbonates or Oxids of the metals which were in combination 
as Oxalates. 

TARTARIC ACID AND TARTRATES 
Formula, H2C4H4O6. Anion, C4H4O6— and HC4H406.~ 

602. Tartaric Acid occurs in the form of colorless, 
translucent, odorless, monoclinic prisms, or in the form of a 
white powder. It has a purely acid taste. Very soluble in 
water. Melts at about 170°C. 

Neutral Tartrates of the alkali metals are soluble in 
water, forming colorless solutions. Most of the others are 
soluble with difficulty. 

A solution of Potassium Sodium Tartrate, KNaC4H406, 
may be used for the following tests: 



CITRIC ACID 



603. Barium Chlorid, BaCU, produces a white precipi- 
tate of Barium Tartrate, BaC+HiOs, soluble in Hydrochloric 
and Nitric Acids, HCl and HNOj, and Ammonium salts. 

504, Calcium Chlorid, CaCla, produces a white, crys- 
taUine precipitate of Calcium Tartrate, CaCiH^Oj, soluble 
in Hydrochloric, Nitric and Acetic Acids, HCl, HNOs, 
HCiHbOs. Also in Sodium and Potassium Hydroxids, 
NaOH and KOH, in the cold, but is repredpitated upon 
boihng. 

606. Silver Nitrate, AgNOa, produces, in neutral solu- 
tions, a white precipitate of Silver Tartrate, AgiC4HtOB., 
On adding Ammonium Hydroxid, NHiOH, to the fluid con- 
taining the precipitate until the latter is almost dissolved 
and then heating at about 70°C., a mirror of metallic Silver 
forms on the inside of the tube. The free acid is not precipi- 
tated. 

606. Potassium Acetate, KCjHbOi, in the presence of 
free Acetic Acid, HCjHsOj, produces, in concentrated solu- 
tions, a white precipitate of Potassium Hydrogen Tartrate, 
KHC,H*0,. 

607. Tartrates, on being ignited alone or with Sulphu- 
ric Acid, HjSOi, are decomposed with the production of an 
odor resembling that of bm-nt sugar, the mixture being car- 
bonized and SOa liberated. 

CITRIC ACID AND CITRATES 

Formula, HjCtHsO,. Anion, CsHtOr . 

608. Citric Acid occurs in the form of colorless, odor- 
less, translucent, right-rhombic prisms having an agreeable 
acid taste. Very soluble in water. 

Alkali citrates are soluble in water and form soluble 
complex salts with the insoluble citrates of the heavy metals. 
The anion is colorless. 

A solution of Sodium Citrate, NaaC(Hs07, may be used 
for the following tests: 
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TESTS 

609. Calcium Chlorid, CaCU, in excess produces, in 
the presence of Potassium or Sodium Hydroxid or Alcohol, 
a white precipitate of Calcium Citrate, Ca8(C6H50y)2, soluble 
in Ammonium Chlorid, NH4CI. Free Citric Add is not pre- 
cipitated by Calcium Chlorid. 

610. Lime Water (Solution of Calcium Hydroxid) 
Ca(0H)2, in excess, produces no precipitate in a cold solution. 
On boiling. Calcium Citrate, Cas(C6H507)2, separates out, 
and dissolves again on cooling. (Tartrates are precipitated 
in the cold by Calcium Hydroxid.) 

611. Barium Acetate, Ba(C2Hs02)2, produces an amor- 
phous precipitate of Barium Citrate, Bas(C6H507)2, in solu- 
tions of alkali citrates. On boiling with an excess the re- 
agent, the amorphous precipitate passes into a crystalline 
salt having the formula 2Ba8(C6H607)2.7H20. Soluble in 
Acids and Ammonium salts. 

612. When gradually heated to 75®C. the Acid loses 
its water of crystallization. If subjected to stronger heat 
it fuses and then carbonizes, emitting irritant fumes which 
have not the odor of burnt sugar. (Distinction from Tar- 
trates.) 




CHAPTER XVII 
Qroup B 

613. Acids or Anions precipitated from dilute Nitric 
Acid solutions by Silver Nitrate. 

In this Group are found, Chlorids, Bromids, lodids, Cy- 
anids, Ferrocyanids, Ferricyanids, Thiocyanates, Sulphids, 
Nitrites, Hypochlorites, and Hypophosphites. 



HYDROCHLORIC ACID AND CHLORIDS 



Formula, HCl. 



Anion, Cl~, 



514. Hydrochloric Acid is a colorless gas, having a 
sharp, suffocating odor and acid taste. S./G., 1.269. Very 
soluble in water. 

All chlorids are soluble in water with the exceptions of 
Silver, Mercurous, Cuprous, Platinous, Aurous, and Lead 
Chlorids, the last, however, is soluble in hot water. 

A solution of Sodium Chlorid, NaCl, may be used for 
the following tests: 

TESTS 

616. Silver Nitrate, AgNOa, produces a white precipi- 
tate of Silver Chlorid, AgCl, which becomes violet and finally 
black upon exposure to sunlight. The precipitate is soluble 
in Ammonium Hydroxid, NH*OH, Potassium Cyanid, KCN, 
and Sodium Thiosulphate, NajSaOj. Insoluble in HNOj. 

516. Lead Acetate. Pb(CtHaO))i, produces a white 
precipitate of Lead Chlorid, PbClj, soluble in large excess of 
cold water, and easily soluble in hot water. Insoluble in 
strong Hydrochloric Acid. 

617. Sohd Chlorids, or strong solutions of Chlorids, 
when strongly heated with concentrated Sulphuric Acid, 
HiSOi, yield free Hydrochloric Acid, HCl, which may be de- 
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tected by its odor and the heavy white fumes obtained by 
holding a rod, moistened with Ammonium Hydroxid, over the 
vessel in which the reaction is carried out. 

618. Solid Chlorids, or strong solutions of Chlorids, 
heated with Manganese Dioxid, Mn02, and concentrated 
Sulphuric Add, H2SO4, evolve free Chlorinupon application of 
heat. This may be detected by its odor, bleaching action on 
moist organic coloring matter, and its action on moist paper 
impregnated with Potassium lodid and Starch. With the 
last, lodin is liberated and forms a blue compound with the 
Starch. 

619. A dry Chlorid, mixed with one-half its weight of 
Potassium Bichromate K2Cr207, and some Sulphuric Acid, 
H2SO4, and distilled, jdelds a deep, brownish-red gas, Chloro- 
chromic Anhydrid, Cr02Cl2, which condenses into a liquid of 
the same color. If Ammonium Hydroxid, NH4OH, is added 
to the distillate, a yellow liquid is produced, due to the forma- 
tion of Ammonium Chromate, (NH4)2Cr04, which in turn 
may be precipitated by Lead Acetate solution. 

HYDROBROMIC ACID AND BROMIDS 

Formula, HBr. Anion, Br". 

620. Hydrobromic Acid is a colorless, heavy gas with 
a sharp, irritating odor and acid taste. S./G., 2.8. Very 
soluble in water. 

Most Bromids are soluble in water with the exception 
of Silver, Mercurous, Platinous and Aurous. Lead and Cuprous 
are very slightly soluble. Solutions are colorless. 

A solution of Potassium Bromid, KBr, may be used for 
the following tests: 

TESTS 

621. Silver Nitrate, AgNOs, produces a curdy, yellowish 
precipitate of Silver Bromid, AgBr, insoluble in diluted Ni- 
tric Acid, HNO3, soluble in Ammonium Hydroxid, NH4OH, 
Potassium Cyanid, KCN, and Sodium Thiosulphate, Na2S208. 

622. Lead Acetate, Pb(C2H802)2, produces a white 



HYDRIODIC ACID lod 

crystalline precipitate of Lead Bromid, PbBrj, sparingly sol- 
uble in cold water, but more soluble in hot. 

623. Solid Bromids, heated with concentrated Sulphuric 
Acid, HjSOj, and Manganese Dioxid, MnOj, evolve free 
Bromin, which is recognized by its color and odor, 

524. When a solution of a Bromid is treated with Chlo- 
rin gas or Chlorin Water, the Bromid is decomposed with 
liberation of free Bromin, which colors the fluid yellow or 
reddish-yellow. An excess of Cklorin must be avoided, as this 
would convert the molecular Bromin to colorless Bromate 
ion, BrOs". The free Bromin may be dissolved out by shak- 
ing with Carbon Disulphid, CSa. or Chloroform, CHCI3, which 
collects at the bottom of the tube as a reddish-yellow liquid. 

625. A solid Bromid, mixed with about one-half its 
weight of Potassium Dichromate, KjCrjOi, and some con- 
centrated Sulphuric Acid, HjSOj, yields, when the mbttiure is 
heated in a distillation apparatus, free Bromin, which con- 
denses in the receiver. If Ammonium Hydroxid, NHiOH, 
is added, a colorless solution results because of the formation 
of Ammonium Bromid, NHjBr, and Ammonium Bromate, 
NH^BrOi. (See Chlorids.) 

HYDRIODIC ACID AND lODIDS 



Formula, HI. 



Anion, I~. 



626. HYDRIODIC Acid is a colorless, heavy gas with a 
sharp, irritating odor and acid taste. S./G., 4.42. Very 
soluble in water. 

Nearly all iodids are very soluble in water; SUver, Mer- 
curous, Lead, Mercuric, and Cuprous Iodids are exceptions. 
Solutions are colorless. 

A solution of Potassium lodid, KI, may be used for the 
following tests: 



527. Silver Nitrate, AgNOg, produces a yellowish, 
amorphous precipitate, of Silver lodid, Agl, insoluble in 
Nitric Acid, HNO3, very slightly soluble in Ammonium Hy- 
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droxid, NH4OH. Soluble in Potassium Cyanid, KCN, and 
Sodium Thiosulphate, Na2S208. 

628. Lead Acetate, Pb(C2H802)2, produces a yellow, 
crystalline precipitate of Lead lodid, Pbl2, slightly soluble in 
hot water, from which, upon cooling, it separates out in yellow, 
six-sided plates. 

629. Solid lodids, heated with concentrated Sulphuric 
Acid, H2SO4, and Manganese Dioxid, Mn02, evolve free lodin 
in the vaporous condition. This is recognized by its deep vip- 
let color. If the vapors are* allowed to act upon starch paper 
a deep blue color is produced. 

630. A\Tien a solution of an lodid is treated with Chlo- 
rin Gas or Chlorin Water, the lodid is decomposed with lib- 
eration of free lodin, which colors the fluid reddish-brown. 
An excess of Chlorin must he avoided, as this would convert 
the molecular lodin (thru oxidation by the chlorin) in the 
presence of water, to the colorless lodate ion, lOa"". The free 
lodin may be dissolved out by shaking with Carbon Disul- 
phid, CS2, or Chloroform, CHCU, which collects at the bottom 
of the tube as a violet-colored liquid. 

631. Copper Sulphate, CUSO4, added to a neutral solu- 
tion produces a dirty white precipitate of Cuprous lodid, 
Cul. Chlorids and Bromids are not precipitated by this 
reagent. 

HYDROCYANIC ACID AND CYANIDS* 

Formula, HCN. Anion, CN". 

632.. Hydrocyanic Acid, or "Prussic Acid," is a color- 
less liquid, boiling at 26.5**C., and solidifying at 16**C. It 
is miscible with water and is a deadly poison. 

Cyanids of the alkalis and alkaline earths and of Mercury 
{ic) are soluble in water, forming colorless solutions. 

A solution of Potassium Cyanid, KCN, may be used for 
the following tests: 

• Extreme care should be observed in working with this acid and its 
salts because they are deadly poisons. 
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633. Silver Nitrate, AgNOa, produces a white, curdy 
precipitate of Silver Cyanid, AgCN, soluble in Ammonium 
Hydroxid, NHiOH, but insoluble in dilute Nitric Acid, 
The precipitate appears only after adding an excess of Silver 
Nitrate, since Silver Cyanid is sohible in Potassium Cyanid, 
KCN, {Ag(CN)t-). On igniting. Silver Cyanid decomposes 
yielding metallic Silver and Cyanogen, (CN)s-* 

634. Lead Acetate, PbCCjHjOa)*, produces a white pre- 
cipitate of Lead Cyanid, Pb(CN)8, soluble in Nitric Acid, 
HNO3. 

636. If Sodium Hydroxid, NaOH, Ferrous Sulphate, 
FeSOi, and Ferric Chlorid, FeCla, are added to a Cyanid 
solution, the mixture warmed, and then made acid with Hy- 
drochloric Acid, HCl, a blue precipitate of Ferric Ferrocy- 
anid, Fej(Fe(CN).)s, is formed. 

536. The addition of Ammonium Hydroxid, NH4OH, 
until alkaline in reaction, followed by the addition of two 
or three drops of Ammonium Poly-sulphid, and warmed, 
yields a blood-red color upon the further addition of Hydro- 
chloric Acid, HCl, until faintly acid, and Ferric Chlorid, FeClj, 
The red color is due to the formation of soluble Ferric Thio- 
cyanate, Fe(CNS)3. 



THIOCYANIC ACID AND THIOCYANATES 



Formula, HCNS. 



Anion, CNS". 



637. THIOCYANIC Acid is a colorless, oily liquid, boil- 
ing at SS^C, and solidifying at — 12.5''C. It has a penetrat- 
ing odor, and is miscible with water and Alcohol. 

Thiocyanates of the alkalis, alkaline earths, and heavy 
metals, with the exceptions of Silver, Copper, Gold and 
Mercury, are soluble in water. 

A solution of Potassium Thiocyanate, KCNS, may be 
used for the following tests: 

* A very poisonous gas. 
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TESTS 

638. Silver Nitrate, AgNOs, produces a white, curdy 
precipitate of Silver Thiocyanate, AgCNS, insoluble in dilute 
Nitric Acid, HNO3, but soluble in Ammonium Hydroxid, 
NH4OH. 

839. Lead Acetate, Pb(C2H802)2, produces a white pre- 
cipitate of Lead Thiocyanate, Pb(CNS)2. 

640. Ferric Chlorid, PeCU, produces a deep-red color, 
due to the formation of Ferric Thiocyanate, Pe(CNS)s. In 
dilute solutions the color is pale red. 

641. Copper Sulphate, CUSO4, produces a dark precipi- 
tate of Cupric Thiocyanate, Cu(CNS)2, which gradually 
changes to the stable Cuprous Compound, CuCNS. 

HYDROPERROCYANIC ACID AND PERROCYANIDS 

Formula, H4Fe(CN)6. Anion, Fe(CN)e . 

642. Hydroferrocyanic or Ferrocyanic Acid is 
colorless, crystalline, and readily soluble in water. Its solu- 
tion has a strong acid reaction. 

The ferrocyanids of the alkalis and alkaline earths are 
soluble in water, giving pale yellow solutions. Most of the 
remaining are insoluble. 

A solution of Potassium Ferrocyanid, K4Fe(CN)e may 
be used for the following tests: 

TESTS 

643. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Ferrocyanid, Ag4Fe(CN)6, soluble in Potassium 
Cyanid. KCN. Insoluble in dilute Nitric Acid, HNOs, and 
Ammonium Hydroxid, NH4OH. 

644. Lead Acetate, Pb(C2H802)2 produces a white pre- 
cipitate of Lead Ferrocyanid, Pb2Fe(CN)6, insoluble in diluted 
Nitric Acid, HNO3. 

646. Ferrous Sulphate, FeS04, in excess, produces a 
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l^te precipitate of Ferrous Ferrocyanid, FejFe(CN)e, which 
readily changes to blue Ferric Ferrocyanid, Fe((Fe(CN)()s, 
thru oxidation by the air. 

646. Ferric Chlorid, FeCla, produces a dark blue pre- 
cipitate of Ferric Ferrocyanid. Fe4(Fe(CN)a)a. Prussian Blue, 
insoluble in diluted acids. Decomposed by excess of alkali 
hydroxids with separation of Ferric Hydroxid, Fe(OH)a. 

647. Copper Sulphate, CuSOi, produces a reddish- 
brown precipitate of Copper Ferrocyanid, CuiFe{CN)», in- 
soluble in diluted acids. Decomposed by alkali hydroxids. 

HYDRO FERRICYANIC ACID AND FERRICYANIDS 
Formula, HsFe(CN}e. Anion, Fe(CN)6 — . 

648. Hydroferricyanic or Ferricyanic Acid occurs 
as soluble brown needles. The ferricyanids of the alkalis and 
alkaline earths are soluble in water. Those of the heavy metals 
are insoluble, except the Ferric salt. In solution, these salts 
are rapidly reduced and Ferrocyanid formed. In alkaline 
solution Ferrocyanid only exists. 

A solution of Potassium Ferricyanid, K3Fe(CN)s, may 
be used for the following tests: 



649. Silver Nitrate, AgNOj, produces a brownish pre- 
cipitate of Silver Ferricyanid, AgaPeCCN)^, insoluble in Nitric 
Acid, but soluble in Potassium Cyanid, KCN, and Ammo- 
mum Hydroxid, NHiOH. 

650. Lead Acetate, PbCCsHjOs)*, gives no precipitate. 

661. Ferrous Sulphate, FeSO*, produces a blue precipi- 
tate of Ferrous Ferricyanid, Fe3(Fe(CN)a)8. and Potassium- 
Ferric Ferrocyanid, KFe(FeCN)o, (Tumbull's Blue), if acid 
or neutral, insoluble in diluted acids. Decomposed by alkali 
hydroxids. 

662. Ferric Chlorid, FeCls, does not produce a precipi- 
tate, but colors the solution brown. 



J 
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663. Copper Stilphate, CUSO4, produces a greenish- 
yellow precipitate of Copper Ferricyanid, Cu8(Fe(CN)6)2, in- 
soluble in Hydrochloric Acid, HCl. 

SULPHYDRIC ACID AND SULPHIDES 

Formula, H2S. Anion, S— , (HS"). 

664. SuLPHYDRic Acid is a colorless gas with a disa- 
greeable odor and sweetish taste. S./G., 1.18. It is soluble 
in water. Condenses to a liquid under pressure of 17 atmos- 
pheres, which boils at — 68.8°C., and solidifies at — 86°C. 

The sulphids, with the exception of those of the alkalis 
and alkaline earths, are insoluble in water. Solutions are color- 
less and unstable. 

A solution of Sodium Sulphid, Na2S, or Ammonium Sul- 
phid, (NH4)2S, may be used for the following tests: 

TESTS 

666. Silver Nitrate, AgNOs, produces a black precipi- 
tate of Silver Sulphid, Ag2S, soluble in hot Nitric Acid, 
HNOs, and in Potassium Cyanid, KCN. 

666. Lead Acetate, Pb(C2H802)2, produces a black pre- 
cipitate of Lead Sulphid, PbS, soluble in hot Nitric Acid, 
HNOs. 

667. Sodium Nitroprussid, Na2NOFe(CN)6, added to a 
solution of a Sulphid in the presence of an alkali, produces 
a violet-red color. 

668. Most Sulphids are decomposed when warmed with 
diluted Hydrochloric or Sulphuric Acids, HCl or H2SO4, 
yielding Hydrogen Sulphid gas, H2S, which may be recog- 
nized by its odor, or by its action on paper moistened with 
Lead Acetate solution, Pb(C2H302)2, which the gas turns 
black, due to formation of Lead Sulphid, PbS. 

NITROUS ACID AND NITRITES 

Formula, HNO2. Anion, NO2"". 

669. Nitrous Acid is not known in the free state. It 
is formed by adding liquid Nitrogen Trioxid, N2O8, to ice 
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water, but, because of its instability, it breaks up into Nitric 
Acid, HNOs, and Nitric Oxid, NO. Its salts, the Nitrites, 
are fairiy stable. 

All nitrites are soluble in water, except Silver Nitrite 
and Potassium Cobaltic Nitrite, which are soluble with 
difficulty. 

A solution of Potassium Nitrite, KNO2, may be used 
for the following tests: 

TESTS 

660. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Nitrite, AgN02, soluble with difficulty in water. 

661. Treated with Hydrochloric Acid, HCl, or Sul- 
phuric Acid, H2SO4, Nitrites evolve brownish-red fumes of 
Nitrogen Dioxid, NO2. 

662. A Nitrite solution, acidified with diluted Sulphuric 
Add, H2SO4, produces a blue color when mixed with starch 
paste containing Potassium lodid, KI, because of the NO2 
liberated which liberates the lodin from the Potassium lodid. 

663. Nitrous Acid is oxidized to Nitric Acid, HNOs, by 
permanganates. Therefore, on the addition of Potassium 
Permanganate, KMn04, to an acidified solution of a Nitrite, 
the Potassium Permanganate will be reduced upon warming. 

HYPOCHLOROUS ACID AND HYPOCHLORITES 

Formula, HCIO. Anion, CIO". 

664. HYPOCHLOROUS Acid is known only in solution, 
which is colorless when dilute, and yellowish when more 
concentrated. This acid and its salts possess strong oxidiz- 
ing and bleaching properties, thru the liberation of nascent 
oxygen. All salts are soluble in water. 

A solution of Soditim Hypochlcrite, NaClO, may be used 
for the following tests: 

TESTS 

666. Silver Nitrate, AgNOs, produces soluble Silver 
Hypochlorite, AgClO, which immediately breaks up into 
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white, insoluble Silver Chlorid, AgCl, and soluble Silver 
Chlorate, AgClOa. 

666. Lead Acetate, Pb(C2H802)2, produces, at first, a 
white precipitate of Lead Chlorid, PbCU, which rapidly 
changes to yellow and finally brown, due to the formation 
of Pb02, Lead Dioxid. 

667. Chlorin is liberated from a Hypochlorite by the 
addition of a diluted acid. 

668. Acid solutions of litmus, indigo, and many other 
organic coloring matters are bleached by the addition of a 
Hypochlorite solution. 

HYPOPHOSPHOROUS ACID AND HYPOPHOSPHITES 

Formula, HPH2O2. Anion, PH20r. 

669. Hypophosphorous Acid is a colorless, thick, syr- 
upy liquid of strong acid reaction. It is a powerful reducing 
agent. 

All hypophosphites are soluble in water. 
A solution of Sodium Hypophosphite, NaPH202, may be 
used for the following tests: 

TESTS 

670. Silver Nitrate, AgNOs, produces a white precipi- 
tate of Silver Hypophosphite, AgPH202, which rapidly be- 
comes black, due to reduction to metallic Silver. 

671. Mercuric Chlorid, HgCU, produces a white pre- 
cipitate of Mercurous Chlorid, HgCl, which on heating turns 
gray-black, due to reduction to metallic Mercury. 

672. Solid Hypophosphites heated in a dry tube causes 
decomposition with evolution of Hydrogen Phosphid, PHs,* 
which has a characteristic, disagreeable odor, and inflames 
when heated to lOO^C, yielding a white cloud of Phosphoric 
Oxid, P2O6. 

• A very poisonous gas. 



CHAPTER XVIII 

Group C 

673. Acids or Anions not precipitated by Barium 
Chlorid or Silver Nitrate. 

In this Group are found Nitrates, Chlorates and Ace- 
tates. 

NITRIC ACID AND NITRATES 

Formula, HNOs. Anion, NOs". 

674. Nitric Acid is a colorless, fuming, very corro- 
sive liquid. Solidifies at -47^C. When absolute (99.8%) it 
boils at 86°C. and has a S./G. of 1.50. The 68% (U. S. P.) 
acid has a S./G. of 1.403. 

All nitrates, with the exception of basic salts, are soluble 
in water. The anion is colorless. 

A solution of Potassium Nitrate, KNOs, may be used 
for the following tests: 



TESTS 

676. Solid Nitrates deflagrate when heated on char- 



coal. 



676. If equal volumes of concentrated Sulphuric Acid, 
HjS04, and a nitrate solution are mixed in a test-tube, and 
the mixture cooled, the addition of Ferrous Sulphate, PeSO*. 
solution poured into the tube so that the liquids do not mix, 
causes the formation of a brown ring at the junction of the 
two liquids. This brown ring is due to the oxidation of the 
ferrous compound, and the subsequent reduction of the Ni- 
tric Acid to Nitric Oxid, NO, which combines with the ex- 
cess of Perrous Sulphate to form the unstable compound, 
4(PeS04)NO. Chlorates, lodids, Bromids, and Chromates 
interfere with this reaction. 

11 161 
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677. Potassium lodid, KI, Starch paste, and diluted 
Sulphuric Add, H2SO4, added to a nitrate solution produce 
no reaction. (Distinction from Nitrites.) 

678. If a few drops of a solution of Brucin in Sulphuric 
Acid, H2SO4 (0.2 Gm. in 100 Cc), is brought in contact with a 
drop of a nitrate solution, a deep red color develops at the 
point of contact of the liquids. The color gradually fades to 
yellow and finally greenish. 

CHLORIC ACID AND CHLORATES 

Formula, HClOs. Anion, ClOs". 

679. Chloric Acid is known only in solution and in 
combination with certain bases as Chlorates. In solution 
it may be concentrated to 40% by evaporation over Sul- 
phuric Acid. On further concentration it decomposes. When 
of the foregoing strength. Chloric Acid is a syrupy, colorless 
liquid, with a faint chlorous odor. Its chemical properties 
resemble those of Nitric Acid. 

All chlorates are soluble in water. 
A solution of Potassium Chlorate, KClOs, may be used 
for the following tests: 

TESTS 

680. A dry Chlorate, when warmed with Sulphuric 
Acid, H2SO4, evolves a greenish-yellow elxplosive gas, Chlorin 
Tetroxid, CI2O4, having a chlorous odor. This test should be 
carried out with very small quantities of a Chlorate because 
of the explosive nature of the gas. The Chlorate is decom- 
posed with the production of Chlorin Tetroxid and Perchloric 
Acid. 

681. On warming a solution of a Chlorate with Hydro- 
chloric Acid, HCl, the liqtiid becomes greenish-yellow, and 
greenish-yellow fumes are evolved. The fumes consist of a 
mixture of Chlorin and Chlorin Dioxid. 

682. When heated in a reduction-tube. Chlorates un- 
dergo decomposition, and are converted into Chlorids with 
evolution of Oxygen. 
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ACETIC ACID AND ACETATES 



Formula, HCsHjO,. 



Anion, CjHsOr 



583. Pure Acetic Acid is a strongly acid, clear, color- 
less liquid of pungent odor and pvirely acid taste. It solidifies 
in the cold to crystalline plates. Melting Point, IS^C. 
BoiUng Point. 118°C. S./G., 1.055. 

All acetates are readily soluble in water, excepting silver, 
which is difficultly soluble. Solutions cont^ning Aluminium, 
Chromium and Ferric Acetates are decomposed into sparii^ly 
soluble basic Acetates when boiled. 

A solution of Sodium Acetate, NaCjHsO), may be used 
for the following tests : 



684. Add to the solution of the Acetate, or to a portion 
of dry material, an equal volume of diluted Sulphiuic Acid, 
HiSOi, and about 10 drops of Alcohol, C^HsOH. Apply a 
gentle heat. By this treatment Ethyl Acetate, CjHsCjHbOi, 
is formed, and is recognized by its characteristic, agreeable 
odor. The student shoiild carry out this test a number of 
times so as to become familiar with the odor of Ethyl Ace- 
tate. Overheating causes evolution of SOj, which covers 
the odor of the ester. The presence o£ Nitrites, NOi~, masks 
this test. If Nitrites are present, Siilphiuric Acid, HjSOi, 
should be first added and the mixture heated to expel the 
fumes of Nitrogen Dioxid, NOj, then cooled, and the very small 
amount of Alcohol added. 

586. Ferric Chlorid, FeCla, added to a solution of a 
neutral Acetate, produces a deep red fluid, which, on boil- 
ing, yields a reddish-brown precipitate of Basic Ferric Ace- 
tate. Fe(0H)(CsH30s)i or Fe(OH)2CjH30s. 

686. Silver Nitrate, AgNOj, added to concentrated solu- 
tions of Acetates, produces a white, crystalline precipitate 
of Silver Acetate, AgCaHjOa, which dissolves in large excess o£ 
water and in Ammonium Hydroxid, NHjOH. 



CHAPTER XIX 

Detection of the Acids or Anions 

687. The determination of the Metals (Cations) present 
should always precede the examination for the Acids (Anions) 
since the presence of certain Metals excludes the presence 
of certain Acids. For example: — If Barium is found in the 
solution under examination, it would be useless to test for 
Sulphuric Acid, since Barium forms an insoluble compound 
with the Add mentioned. 

688. The physical properties of the material under 
examination may often suggest what to look for. For ex- 
ample: — Metals or Alloys would not be tested for Acids. 
The solubility and the color of the substance will also assist in 
simplifying matters. For example :— A colorless mixture could 
not contain a Chromate, Bichromate or Manganate. The 
odor, hardness, specific gravity, etc., are also of much 
importance. 

689. After detecting the Metals present by applying the 
methods described in the preceding chapters [that is: (1) 
Adding to the solution, or a solution of the solid under ex- 
amination. Hydrochloric Acid and filtering; (2) Examining 
the precipitate, if any, for the members of Group 1; (3) Add- 
ing Hydrogen Sulphid to the filtrate and filtering; (4) Exam- 
ining the second precipitate, if any, for the members of 
Group 2 and Group 3 as described; (5) Adding Ammonitim 
Hydroxid to the filtrate from Groups 2 and 3, and filtering 
again; (6) Examining this third precipitate for the members 
of Group 4; (7) Adding to the filtrate from Group 4 Hydrogen 
Sulphid, and filtering; (8) Examining this precipitate, if any, 
for the members of Group 5; (9) Adding to the filtrate from 
Group 6 Ammonium Carbonate and filtering; (10) Examining 
this precipitate if any, for the members of Group 6; (11) 
Examining the filtrate from Group 6 for the members of Group 
7]; the student is ready for the detection of the Anions. 

164 
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590. The following preliminary tests on portions of the 
dry material may be made before proceeding with tests on a 
solution of the substance for the Acids or Anions. If a solution 
is to be examined, it must be freed from Ammonium salts, and 
a portion of it may be carefully evaporated to dryness on a 
water-bath, and portions of the dried residue used for the 
following tests : 

I — Tests on the Dry Substance 
691. Heat a portion in a dry tube: 

I — Carbonization indicates the presence of 
Organic Acids. (Citrates, Oxalates, Tartrates 
and sometimes Acetates, 1(594, 619.) 
II — Water Vapor indicates the presence of Hy- 
droxids of heavy metals [(OH)j— -'HiO + 0] 
orsubstancescontaining water of crystallization. 
Ill — ^Liberation of a Gas Indicates;— 

(fl) — If Oxygen (inflames a spark) — Chlorates, 
Iodates, Beomates, Peroxids, Nitrates.* 
(1[579, 574.) 
(fc) — If Carbon Dioxid (colorless, odorless, and 
produces a turbidity in lime water) — Carbon- 
ates, BiCARBONATES, OXALATES, TARTRATES, 

Citrates. (1[481, 495, 502, 508.) 

(c) — If Sulphur Dioxid (odor of burning Sulphur) — 
Sulphates, with reducing agents; Sulphites; 
SuLPHiDS, with air; Thiosulphates. (1[436, 
440, 445, 554.) 

(d) — If Oxids of Nitrogen (brownish-red and odor) 
— Nitrites, Nitrates. (11559, 574.) 

(e) — If Chlorin, Brorain, and lodin (yellowish- 
green, brownish-red and violet, and odors) — 
Chlorids, Bromids, Iodids, (11514, 520, 
526, 607.) 

(/) — If Cyanogenf (odor of bitter almonds and in- 
flammable)— Cyanids. (K532.) 
-If Hydrogen Sulphid (colorless, but odor and 
blackens Lead Acetate paper) — Sulphids. 
(11554.) 

* See footnote, page 166. 
t A very poisonous gas. 
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(ft) — If Ammonia (odor and turns red litmus blue) 
— ^Ammonium Salts, Cyanids. (1f632.) 

(i) — If Hydrogen Phosphid* (takes fire in tube and 
bums from bottom of tube up, odor of garlic) — 
Hypophosphites. (1f569.) 

592. Heat a portion on Charcoal with blowpipe flame: 

I — Deflagration indicates the presence of Chlo- 
rates, Nitrites, Nitrates, t 

(a) — If a Chlorate — a portion of the dry substance, 
when treated with a few drops of Sulphuric 
Acid, will produce a yellow color and a chlo- 
rous odor. (lodids and Bromids interfere 
with this test.) 

(fc) — If a Nitrite — a portion of the dry substance 
treated with a few drops of Sulphuric Acid, will 
produce effervescence with liberation of a 
brownish-red gas (NO2) having a character- 
istic odor. 

(c) — If a Nitrate or Nitrite — the addition of 
Sulphuric Acid to a portion of dry substance, 
followed by the careful addition of a strong 
solution of Ferrous Sulphate, poured in the 
tube so as to form a layer, will produce a brown 
or purplish ring at the junction of the two 
fluids when cold. Upon heating it disappears. 
(Bromids, lodids, Chlorates and Chromates 
interfere.) 
II — Carbonization indicates the presence of 
Organic Acids. (Tartrates, Oxalates, Ci- 
trates and possibly Acetates, 1f594, 619.) 

693. Treat a small portion of the dry substance in a 
test-tube with diluted Sulphuric Acid. Note whether effer- 
vescence takes place. 

• A very poisonous gas. 

t If the original material was a solution, the test for Nitrates would 
be made on a portion of the original solution, since evaporation would 
drive off free Nitric Acid possibly present. 
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Effervescence and 

(a) — Odor of Hydrogen Stdphid (blackens Lead 
Acetate paper) indicates the presence of 
SULPHIDS. (1f554.) 

(b) — Odor of Stdphur Dioxid (odor of bttming Sul- 
phur) indicates the presence of Sulphites, 
Thiosulphates. (1f440, 446.) 

(c) — Odor of Cyanogen* (colorless and odor of 
bitter almonds) indicates the presence of 
Cyanids. (1f532.) 

(d) — Odor of Oxids of Nitrogen (brownish-red color 
and characteristic odor) indicates the presence 
of Nitrites. (1f559.) 

(e) — Chlorous odor and liquid turning yellow indi- 
cates the presence of Chlorates and Hypo- 
chlorites. (Brownish-red = Bromates, BrOs"; 
Violet = lodates, lOs".) (1[664, 679.) 

(/) — No odor indicates the presence of Carbonates, 
confirmed by passing the liberated gas thru 
Lime Water, which becomes turbid from forma- 
tion of Calcium Carbonate. (If 481.) 

694. Carry out Test 1 under Acetic Acid, Page 163 on 
a portion of dry substance for Acetates. 

696. Carry out Test 2 under Boric Acid, Page 143 on 
a portion of dry substance for Borates. 

« 

696. Carry out Test 3 under Hydrofluoric Acid, 
Page 144 on a portion of dry substance for Fluorids. 

697. Carry out Test 4 under Silicic Acid, Page 145, on 
a portion of dry substance for Silicates. 

698. Change in color upon application of heat indi- 
cates OxiDS : 

(a) — If yellow when hot and white when cold. 

Zinc Oxid, ZnO, is indicated, 
(fc) — If orange-yellow when hot and yellowish when 

cold. Lead Oxid, PbO, or Bismuth Oxid, 

Bi208, are indicated. 

• A very poisonous gas. 
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(c) — If yellowish-brown when hot and yellow when 
cold, Stannic Oxid, Sn02, is indicated. 

II — Tests on a Solution of the Substance 

699. Before testing for the Acids or Anions, the solu- 
tion must be freed from Ammonium salts and then treated 
with Soditim Carbonate, if Metals other than those of the 
Alkali Group are present, since they will interfere with the 
tests for the Acids. 

600. This may be done by adding an excess of a strong 
solution of Sodium Carbonate and boiling for 15 minutes. 
By this treatment Ammonia it gotten rid of and the Acids 
enter solution as Soditim salts, while the Metals form insoluble 
Carbonates or Oxids. Arsenic, if present, would be left as 
Arsenate or Arsenate. Filter, and use portions of the filtrate 
for the following tests, neutralizing where necessary. Save 
the precipitate, as it may be of use later. (See 1[616.) 

601. (A) To one portion of filtrate add Nitric Acid, drop 
by drop, until just acid. Boil. This decomposes the carbo- 
nate with evolution of Carbon Dioxid which is completely ex- 
pelled by boiling. If a slight precipitate forms, filter and reject 
the precipitate, since it consists merely of traces of metallic 
carbonates and hydroxids held in solution by excess of So- 
dium Carbonate. To a portion of the acid filtrate add Sil- 
ver Nitrate solution in slight excess. 

(a) — If a precipitate forms the presence of one or 
more of the following are indicated: — Chlo- 
RiDS, Bromids, Iodids, Cyanids, Ferrocya- 
NiDS, Ferricyanids, Thiocyanates, and 
Sulphids, Silver Nitrate solution is then 
added in excess to the remainder of the acid 
filtrate and the mixture filtered. The filtrate 
is saved for treatment described in (d). 

(6) — If no precipitate forms upon the addition of 
Silver Nitrate, Chlorids, Bromids, Iodids, 
Cyanids, Ffrrocyanids, Ferricyanids, 
Thiocyanates and Sulphids (ajre absent 



EXAMINATION FOR THE ACIDS 



169 



and no further tests need be made for them. 
The liquid is treated as described in (d). 

(c) — If a precipitate has been obtained by the addi- 
tion of Silver Nitrate, the Tests described in 
K604-611 should be made on separate por- 
tions of the filtrate obtained by boiUng with 
Sodium Carbonate and filtering. 

(rf) — Carefully pour on the filtrate from the Silver 
Nitrate precipitate, or the clear liquid in case 
no precipitate formed, Ammonium Hydroxid . 
so as to form an alkaline layer over the acid 
fluid. There will be a neutral zone at the 
junction of the two layers in which a precipi- 
tate may form. If a precipitate forms, one or 
more of the following are indicated: — Arse- 
nates, Arsenites, Borates, Chromates, Cit- 
rates, Oxalates, Phosphates, Tartrates, 

(e) — If no precipitate forms by the above treat- 
ment ALL of these acids are absent. 

(/) — If a precipitate has formed at the junction of 
the two layers note the color of the same. 
Arsenates give a reddish-brown precipitate; 
Arsenites and Phosphates, a yellow; Chro- 
mates, a purplish-red; and the others, white. 
On separate portions of the filtrate, obtained 
by boiling the original substance with Sodium 
Carbonate and filtering, the tests described 
in 11613-619 should be made in order to de- 
termine which of the Acids indicated are 
present. 

602. (B) To another portion of filtrate, obtained by 
boiling the original solution with Sodium Carbonate and fil- 
tering, add a sufficient quantity of Hydrochloric Acid to 
impart a neutral reaction. Filter if any slight precipitate 
forms. Boil to drive off the Carbon Dioxid evolved, and 
add a solution of Barium Chlorid. 

(a) — The formation of a precipitate indicates the 
presence of Sulphates, Sulphites, Thiosul- 
PHATES, Phosphates, Fluorids, Borates, Ar- 
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SENATES, ArSENITES, ChROMATES, OXALATES, 

Tartrates, and Citrates. 
(&) — If no precipitate forms all of these Acids are 

ABSENT. 

(c) — If a precipitate forms add a slight excess of 
Hydrochloric Acid, and, if a white precipitate 
remains, the presence of a Sulphate is shown. 
If all the precipitate dissolves the absence of a 
Sulphate and the presence of one or more of 
the other acids mentioned in (a) is indicated. 
It must be borne in mind however that Thio- 
sulphates are decomposed by Hydrochloric 
Acid with precipitation of Sulphur. 

(d) — Separate portions of the filtrate, obtained by 
boiling the original solution with Sodium Car- 
bonate and filtering, must be tested according 
to 1f613-622, in case a precipitate formed. 

603. The following tests (If 604-611) are made if a 
precipitate has been produced by the addition of Silver Ni- 
trate as described in ^601. 

604. Chlorids, if present alone, would be detected by 
applying Test 4 described under Hydrochloric Acid, Page 152. 

606. Bromids, if present alone, would be detected by 
applying Test 4 described under Hydrobromic Acid, Page 153. 

606. loDiD^, if present alone, would be detected by 
applying Test 4 described under Hydriodic Acid, Page 164. 

607. Chlorids, Bromids and Iodids, if present together, 
may be separated and identified as follows: Add diluted 
Sulphuric Acid to a portion of the filtrate (obtained by boil- 
ing with Sodium Carbonate and filtering), until neutral in 
reaction. Then add to a portion of this liquid some Copper 
Sulphate solution and sufiicient Sulphurous Acid to im- 
part a strong acid reaction. If a dirty-white precipitate 
forms, it consists of Cuprous lodid and indicates the presence 
of Iodids. If no precipitate forms, Iodids are absent. If 
a precipitate forms by the foregoing treatment, add to the 
remainder of the liquid sufficient Copper Sulphate solution 
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and Sulphurous Acid to precipitate all of the lodid as insol- 
uble Cuprous lodid. (If no precipitate has fonned it is un- 
necessary to subject the remainder of the fliiid to this treat- 
ment.) Filter off the precipitated Copper compound, and 
treat the filtrate with Potassium Hydroxid solution in order 
to precipitate the excess of Copper Sulphate as insoluble 
Copper Hydroxid. Filter again. Add a sufficient quantity 
of diluted Sulphuric Acid to the filtrate to neutralize and 
evaporate to drj-ness. Divide the residue obt^ned into two 
parts. Dissolve one part in water and add some Carbon 
Disulphid or Chloroform and Chlorin Water; the latter drop 
by drop. The presence of Bromin is indicated by a reddish- 
brown color imparted to the Carbon Disulphid or Chloroform 
layer. Triturate the second part of the residue with half 
its weight of Potassium Bichromate, place the mixture in a 
small retort, and add some concentrated Siilphuric Acid. 
Apply a gentle heat. Chlorin, if present, distils over as a 
deep, brownish-red gas — Chloro-chromic Anhydrid — which 
condenses to a liqiaid of the same color. Ammonium Hydroxid, 
added to the distillate, produces a yellow liquid from forma- 
tion of Ammonium Chromate, If Bromin, is present, and 
Chlorin absent, the red distillate is decolorized by the 
Ammonium Hydroxid as explained under Hydrobromic 
Acid, •[525. 

608. Cyanids and Thiocyanates may be identified by 
applying the Tests described under Hydrocyanic and Thio- 
cyanic Acids, Pages 154-156, on separate portions of the 
filtrate obtained by boiling the original solution mth Sodium 
Carbonate and filtering. 

609. Ferrocyanids would be detected by adding 
an excess of Hydrochloric Acid to a portion of the filtrate 
and then some Ferric Chlorid solution. A dark blue pre- 
cipitate of Ferric Ferrocyanid (Prussian Blue) indicates 
Ferrocyanids. 

610. Ferricyanids would be detected by adding an 
excess of Hydrochloric Acid to a portion of the filtrate 
and then some Ferrous Sulphate solution, A blue precipi- 
tate of Ferrous Ferricyanid (Turnbuli's Blue) indicates 
Ferricyanids. 
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611. SuLPHiDS (most) maybe detected by warming apor- 
tion of the filtrate with Hydrochloric Acid. In the presence 
of a Sulphid, the evolved Hydrogen Sulphid gas is detected 
by its action on paper moistened with Lead Acetate solution. 

612. The following Tests are carried out if a precipitate 
has been produced by the treatment described in ^[601 (d) 
and 602 (d) : 

613. Arsenates and Arsenites may be detected by 
applying the special tests for Arsenious and Arsenic Com- 
pounds described in Chapter VI, Pages 79-82, on small portions 
of the neutralized filtrate. 

614. Borates, in the absence of Copper, may be de- 
tected by the Sulphuric Acid and Alcohol Test described 
under Boric Acid, Chapter XVI, Page 143, on some of the origi- 
nal substance. If Copper is present, it must be first re- 
moved by precipitating it with Hydrogen Sulphid gas and 
filtering. The filtrate is then neutralized with Sodium Car- 
bonate, evaporated to dryness, and the Borate test applied 
to the dried residue. 

616. Chromates would be suspected if the filtrate after 
the Sodium Carbonate treatment is yellow. If yellow, make 
a portion of the filtrate acid with Acetic Acid and add some 
Lead Acetate solution. A yellow precipitate of Lead Chro- 
mate indicates the presence of Chromates. If the filtrate 
is colorless, Chromates are absent. 

616. Chromium may have been found among the Met- 
als. It is therefore necessary to determine whether it ex- 
isted in the original substance as a Metal or Acid. If Chro- 
mates or Bichromates are present in the original substance, 
they are reduced by Hydrogen Sulphid and Ammonium Sul- 
phid to Chromium salts, and Chromium would then be 
found in Group 4 as a Metal. Therefore a portion of the 
precipitate, obtained by boiling the original solution to be 
tested for the Acids with Sodium Carbonate, is dissolved 
in Hydrochloric Acid and tested for Chromium. If present in 
this precipitate, it proves the presence of Chromium as a 
Metal. 
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617. Phosphates may be detected by making a portion 
of the filtrate acid with Nitric Acid, and applying the Ammo- 
nium Molybdate test described in Test 4 under Phosphoric 
Acid, Page 141. 

618. Oxalates may be detected by adding Acetic Acid 
in excess to a portion of the filtrate, and then Calcium Sulphate 
solution. A white, finely divided precipitate indicates 
Oxalates. 

619. Tartrates, Oxalates and Citrates would be 
indicated by the Tests carried out on the dry substance al- 
ready described. If the test on dry substance gives positive 
indication of the presence of Organic Adds the following 
Tests may be made: 

(a) — Add a slight excess of Hydrochloric Acid to a 
portion of the filtrate, obtained by boihng with 
Sodium Carbonate, and boil to expel the 
evolved Carbon Dioxid. Add Ammonium Hy- 
droxid until slightly alkaline and then a slight 
excess of Calcium Chlorid solution. If no pre- 
cipitate forms cither at once or upon standing, 
Tartrates and Oxalates are absent. If a 
precipitate forms it may consist of Calcium Tar- 
trate or Oxalate. Therefore filter, set aside 
the filtrate, and wash the precipitate with water 
and allow it to drain. Next pour over it some 
cold Sodium Hydroxid solution. Calcium Tar- 
trate is soluble in Sodium Hydroxid solution 
in the cold, but insoluble in the same when hot. 
{See Tartaric Acid, lf504.) Filter and boil 
the filtrate. If a precipitate forms it indicates 
the presence of Tartrates. 

(fc) — Any portion of the precipitate insoluble in 
cold Sodium Hydroxid solution may be exam- 
ined for OXALATES, by decomposing it with con- 
centrated Sulphuric Acid and passing the liber- 
ated gases thru some clear Lime Water. 

(c) — Citrates may be detected in the filtrate ob- 
tained in (a) above or in the fluid in which 
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Calcium Chlorid failed to produce a precipitate. 
Add to it some more Calcium Chlorid and boil. 
If a precipitate forms it iiidicates the presence 
^ of Citrates, which may be confirmed by spe- 

cial tests. (11508-512.) 

620. Sulphates may be detected by adding Hydro- 
chloric Acid in excess to a portion of the filtrate and then 
Barium Chlorid solution. The formation of a white precipi- 
tate indicates the presence of Sulphates. 

621. Sulphites and Thiosulphates may be tested 
for by adding some Sulphuric Acid to a portion of the origi- 
nal dry substance and noting whether effervescence takes 
place. If there is no effervescence, these acids, need not be 
looked for. If a gas is evolved, note the odor and make 
special tests for these acids on separate portions of the 
substance. (If 440-449.) 

622. Fluorids would have been indicated by ^596 
under Tests on the Dry Substance. 

TABLE IX.— FOR THE ACIDS OR ANIONS 

I.— TESTS ON DRY SUBSTANCE (1f591). (If a solution is being 
examined, carefully evaporate to dryness on water-bath and use por- 
tions of residue for each test. 

(A) Heat in dry tube:— (1f591.) 

(1) Carbonization indicates CeHjOr , Cj04 , C4H4O6 , pos- 
sibly CaHsOi-. ( 11495, 508, 502, 583.) 

(2) Water Vapor indicates 0H~ of heavy metals, or crystalline 
substances. 

(3) Liberation of a Gas indicates: 

(a) If O:— ClOa- 10,-, BrO,-, NO," (and Peroxids). (1f579, 

574.) 

(6) KCO2:— C08~,HC0a-, C4H40e~, C^HsOt — and C,04~. 

(11481, 495, 502, 508.) 

(c) IfSOj:— S04~,S08~,S~andS208--. (11436,440,445,654.) 

(d) If N02:-~N02- and NO,-. (1f559, 574.) 

(c) If CI, Br, or I :— CI", Br", or I". ( 11514, 520, 626, see also 607.) 

(/) If (CN)2:— CN-. (11532.) 

(g) IfHaS:— S— . (11554.) 

(h) If NH,:— NH4- and CN". (11532.) 

(i) If PH,:— PH2O,-. (11569.) 

(4) Change in Color indicates OXIDg. (1f598.) 

(a) Yellow when hot. white when cold indicates ZnO. 

(6) Orange-yellow wnen hot, yellow when cold indicates PbO or 

BijOj. 

(c) Yellowish-brown when hot, yellow when cold indicates SnOs. 
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TABLE FOR THE ACIDS OR ANIOHS—Contiaued 

(B) Heat on Charcoal with blowpipe:— (1[592.) 

(1} Deflagration indicates CIO,", NO,", NOr. (1579, 574, 559.) 

(2) Carbonization indicates C.HiO. , C.H,Oj-", CjOr~, pooaibly 

CHjOr. (H 495, 508, 502, 583.) 



(C) Treat with diluted HiSO^:— (11593.) 

(1) Effervescence and odor of H,S indicates 8—. (11554.) 

(2) Efferveacence and odor of SOi~~ indicates SOi and SiOj'". 
(11440, 445.) 

(3) EServescence and odor of (CN). indicates CN". (f532.) 

(4) Efferveacence and odor of NOj indicates NOi^. (11659.) 

(5) Effervescence and odor ot CI indicates CIO,", and CIO". (11579, 
564.) 

(6) Efferveacence and no odor indicates COr". (11481.) 

CD) Carry out the following:— (11594-597.) 

(1) Test 1 under Acetic Acid for C.H.G,-. (1584.) 

(2) Test 2 under Boric Acid for BO, . (11489.) 

(3) Test 3 under Hydrofluoric Acid for F". (1475.) 

(4) Teat 4 under Silicic Acid for SiO," ". (1480.) 



a to remainder and filter. 



(1) PRECIPITATE:— The forma- 
tion of a precipitate indicates one 
or more of the following ;— 

C1-, Br-, I-, CN-, Fe{CN), , 

Fe(CN).---,CNS-,andS--. 
(1601 (a), d(c); 604-611.) 

If no precipitate forms, the fore- 
going are ABSENT. (1601 (6).) 



(2)F1LTRATE:— Pouron NH.OHto 
form a layer. If a precipitate forms 
at the junction of the layers, one or 
more of the fallowing are indicated; 

AsO.— . AsO, , BO, , CrO.--, 

C.H,0, —, CO.- - PC.- - -, 
C.H.O.--. (naoi (d) (fc (/).) 

(1613-619.) 
If no precipitate forroB the forego- 
ing are ABSENT. (601 (e).) 



(B) Add enough HCl to make neutral. Filter. BoU and then add BaCl,. 

(1) The formation of a precipitate indicates one or more of the follow- 
ing ;—( 1602 (B).)| 

80,--, SO,- -, SiO.- -, PC, ,F-, BO, ,AsO, , AsO, , 

CrO.--, CO.--, CH.O,- - ,C,HsO, . (1613-622.) 

(2) In presence of a pretjpitate, add slight excess HCl. U a WHITE 
precipitate remains, SO." is indicated. (1602 (c).) 

(3) If no precipitate forms, the foregoing are ABSENT. (11602 (6).) 
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CHAPTER XX 

The Analysis of an Unknown 

623. After a qualitative examination of a substance, the 
analyst should be able to report not only what elements are 
contained therein, but also the relative amounts that are pres- 
ent. Thus, if Calcium Chlorid is the substance under ex- 
amination and Magnesium Chlorid and Aluminium Chlorid 
are also found in very small amounts, the report should read: 
"Substance examined is Calcium Chlorid containing traces 
of Magnesium and Aluminium Chlorids." However, in 
order to do this the student must start with a known quantity 
of the substance under examination (0.5 to 1.0 Gm.),and com- 
pare the amount of the precipitates produced, the depth of 
color, etc. He will be able to estimate the amount of a pre- 
cipitate obtained in an analysis if he has studied the actions 
of the elements with known amounts of the different materials. 
If in doubt, he can take varied amounts of a solution of known 
strength and carry out the identification test with these and 
then make a comparison. It should be remembered that such 
comparisons are but roughly approximate. 

624. Every analysis should be divided into three parts: 
I. Preliminary Examination. 

II. Examination FOR THE Metals (Bases or Cations). 
III. Examination for the Acids (or Anions). 

626. The substance under examination may be one of the 
following: 

A. A Gas. 

B. A Solution or a Liquid. 

C. A Solid, but non-metallic. 

D. A Solid, which is a metal or an alloy. (See Chapter 
XXI, Page 184.) 

626. It is well for the student to use a form, somewhat 
like the one on the following page, noting each step taken, the 
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631. // a solution, a portion is prepared for the 
precipitation of Group 1 and the rest of the metallic groups. 
Ferrocyanids (1f542) ; Ferricyanids (1f548) ; Oxalates (1[495) ; 
Phosphates (If 450); and Tartrates (If 502); interfere, espe- 
cially with the precipitations by Hydrogen Sulphid and 
AnMnonium Sulphid, and must therefore be removed if 
present. This is done by evaporating the solution to dry- 
ness, and fusing the residue with about five times as much 
AnMnonium Nitrate (in a hood). Then cool, extract with 
diluted Nitric Acid, and proceed with the systematic examina- 
tion for the Metals beginning with Table I, Page 57, remem- 
bering that Potassium and Iron are present as decomposition 
products from the Cyanids. If there is any residue insoluble 
in the dilute Nitric Acid, treat it according to If 633 (C) "if 
the unknown is a solid.*' If Ferrocyanids or Ferricyanids are 
not present, test the reaction of the solution. If it is acid, 
proceed with the examination for the Metals or Cations, be- 
ginning with Table I, Page 57. If the solution is alkaline, 
acidify with Nitric Acid and examine for the Metals or Cations 
beginning with Table I, Page 57. If the addition of Nitric 
Acid produces a precipitate, dissolve it with a slight excess of 
Nitric Acid, warming if necessary; if this precipitate is in- 
soluble in Nitric Acid, treat it according to If 633 (C) **if the 
unknown is a solid." 

632. // a liquid and not a solution, pour a portion of it 
into some water and convert it into a solution in this fashion 
if possible, and examine the resulting solution for the Metals 
or Cations beginning with Table I, Page 57. If a precipi- 
tate forms upon adding the liquid to water, filter it out and 
treat it according to 1f633 (C) *'if the unknown is a solid.^* 

633. (C) If the unknown is a Solid but non-metallic: 
Examine the solutions obtained by the treatment with water. 
Hydrochloric Acid, Nitric Acid, and Nitro-hydrochloric 
Acid described in If 630 (d), for the Metals or Cations as 
follows: 

634. (1) The Aqueous Solution. — If any of the substance 
has dissolved in the water, test the reaction of the solution 
with litmus. If it is neutral or acid, proceed with the Ex- 
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anrination for the Metals or Bases, beginning Table I, Page 
57. If alkaline, make the solution slightly acid by adding 
a few drops oj Nitric Acid. If a precipitate forms, test a small 
portion of it with Nitric Acid and if it dissolves, decant the 
liquid and add enough Nitric Acid to the precipitate to re- 
dissolve it. Then add it to the decanted liquid. If the pre- 
cipitate does not dissolve in the Nitric Acid, filter it out, wash 
it with water and treat it as a solid insoluble in water. The 
acid solution is then examined for the Metals or Bases, 
beginning Table I, Page 57, 

635. (2) The Hydrochloric Acid Solution. — The residue 
left after the hot water treatment is boiled with hot Hydro- 
chloric Acid. At this point there may be indications of the 
presence of certain Acids or Anions. (See 11593,) If the 
treatment with Hydrochloric Acid seems to precipitate the 
Chlorids of the members of Group 1 of the Metals, the treat- 
ment with Nitric Acid should be carried out first. [11630 (d).I 
The Hydrochloric Acid solution cannot contain the members of 
Group 1, excepting Lead, unless a too concentrated acid is 
used, in which case Silver Chlorid will dissolve to some extent. 
Any Silver that has been dissolved, will be reprecipitated by 
diluting the solution with about three times its volume of 
water. If such is the case, remove the precipitate by filtra- 
tion and test it for Silver. {1f46.) The Hydrochloric Acid 
solution is then proceeded with as in the case of the Aqueous 
Solution beginning, of course, with the precipitation of Group 
2, beginning with IflOO, Page 72. 

636. (3) The Nitric Acid Solution. — If the treatment of 
the substance with Nitric Acid has preceded the treatment with 
Hydrochloric Acid, the members of Group 1 of the Metals 
have been dissolved, and Hydrochloric Acid shoiild be added 
to completely precipitate the members of this group (Group 1), 
The precipitated Chlorids of the members of Group 1 of Metals 
are filtered off and analyzed, and the filtrate treated in the 
usual fashion for the members of Group 2 of the Metals and 
the rest of the metallic groups. 

637. (4) The Nitrohydrochloric Acid Solution.— Boil the 
solution to expel the excess of acid and the Nitrosyl Chlorid, 
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evaporate with Hydrochloric Acid to insure the complete 
decomposition of any remainitig Nitric Acid, and then dilute 
with three times as much water in order to precipitate any 
metals of Group 1 present. Filter off any precipitate and 
examine it for Group 1 of the Metals, and proceed with the 
filtrate in the regular order for the other metallic groups. 

638. Note. — The above solutions may frequently be 
combined and the resulting mixture analyzed for the Metals 
or Bases. This should be determined by mixing small por- 
tions of each of the solutions to see whether precipitation takes 
place. If no precipitate forms, mix the rest of the solutions 
and proceed with the Examination for the Metals or Bases. If 
a precipitate forms which is soluble in an excess of Hydrochloric 
Acid upon wanning and which does not reprecipitate upon 
cooling (the precipitate of Lead Chlorid, PbCU, does not inter- 
fere), the solutions may be mixed. If the precipitate is not 
soluble in Hydrochloric Acid, add Hydrochloric Acid to the 
Aqueous Solution and also to the Nitric Acid Solution and 
carry out the analysis of any precipitate formed for the 
presence of the members of Group 1 of the Metals. Then 
add the Hydrochloric Acid solution and the Nitrohydrochloric 
Acid Solution to the combined filtrates from the first two 
solutions. If no precipitate is formed by this combination, 
boil off the Nitric Acid, displacing it with Hydrochloric Acid, 
and proceed in the usual fashion. If a precipitate is produced, 
each solution must be analyzed separately. 

Table X will be of assistance to the student in studying 
the solubilities of various substances. 

Ill — Examination for the Acids (or Anions) 

(A) If the tmknown is a gas, consult the instructor. 

(B) If the unknown is a Solution or a Liquid: 

639. If a Solution: First, — ^Evaporate a portion to 
dryness on a water-bath and carry out ^590-598, "Tests on 
Dry Substance,*' Pages 165-168. 

Second, — Use another portion for "Tests on a Solution of 
the Substance," 1[599-622, Pages, 168-174. 
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640. If A Liquid, not a solution^ cautiously pour some of 
it into water and if it gives a clear solution, proceed with it 
as with "If a solution,'.' 1[639 above. If a precipitate is also 
obtained, treat it as with *'If the unknown is a solid,** If 641-42. 

641. (C) If the unknown is a Solid but non-metallic : 
Firs/.— Carry out '* Tests on Dry Substance," 1(590-598, 
Pages, 165-168. 

642. Second. — If the unknown is soluble in water, make 
a solution, using from 0.5 to 1.0 Gm. of soUd, in water and 
carry out "Tests on a Solution of the Substance," 1(599-622, 
Pages, 168-174. // the unknown is insoluble in water, fuse 
it thoroughly with Sodium Carbonate, powder the resulting 
mass, and boil it with water to dissolve. Filter, neutralize and 
use the filtrate for ** Tests on a Solution of the Substance," 
beginning with 1(601-622, Page 168. The insoluble residue 
may be examined for the Metals or Cations if this has not 
already been done. (K644.) 

643. If the Unknown is Insoluble in Water and in 
Acids, it may contain the following substances: Barium Sul- 
phate, Strontium Sulphate, Calcium Sulphate, Calcium Fluo- 
rid. Silver Chlorid, Silver Bromid, Silver lodid. Silver Cyanid, 
Lead Sulphate. Analysis may be carried out as follows: 

Fuse the unknown with Sodium Carbonate, powder the 
resulting mass and boil it with water to dissolve. Filter, 
neutralize the filtrate, and carry out the examination for the 
Acids or Anions, beginning with K601-622. 

644. The residue insoluble in the water, which contains 
the Metals or Cations as Carbonates or Oxids, is dissolved in 
Nitric Acid, diluted with water and examined for the Metals 
or Cations, beginning with Table I, Page 57. 



CHAPTER XXI 

The Analysis of a Metal or an Alloy 

646. The analysis of a Metal or an Alloy is much 
more simple than the analysis of a mixture of salts, because 
no Acids or Anions are tested for. Of the non-metaUic ele- 
ments, Carbon, Sulphur, Phosphorus and Silicon are the only 
ones usually considered. 

646. All of the common metals, with the exception of 
Gold, Platinum, Antimony and Tin, are soluble in Nitric 
Acid. Alloys are usually soluble in Nitric Acid also, and in 
the few cases which are not soluble in this add, Nitrohydro- 
chloric Acid will usually effect solution. However, some 
alloys are rich in Silicon and these are extremely difficult to 
dissolve, even in Nitrohydrochloric Acid. In such cases it 
is best to fuse with a caustic alkali and then dissolve the 
"melt" in Nitric Acid. It is inadvisable to dissolve an alloy 
in Hydrochloric Add as the non-metaUic elements Carbon, 
Sulphur, Phosphorus and Silicon in the form of Carbids, 
Sulphids, Phosphids, and SiKdds, as well as Arsenids, may be 
present in small amounts and are decomposed by Hydrochloric 
Add escaping as volatile Hydrogen compounds. 

647. For ordinary alloys the following method may be 
used: 

Treat from 1 to 2 Gm. of the unknown (in the form of 
borings), contained in a porcelain dish, under a hood, with 
about 20 Cc. of a mixture of equal parts of concentrated 
Nitric Add and water. After the first violent action has 
ceased, carefully evaporate the mixture, on a water-bath, 
stirring constantly, almost to dryness. (Do not overheat 
or insoluble basic salts may form, as shown by the dark color 
of the residue. Should this happen add a little more concen- 
trated Nitric Add, heat the mixture somewhat, dilute with 
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water, and evaporate again.) Next add some water and 
warm the mixture. The result may be: 

(A) A clear solution. 

(B) A solution cont^ning a white or greenish residue. 

648. (A) // a clear solution is obtained, the alloy contains 
no Tin or Antimony. Examine the solution for the Metals 
or Cations beginning with Table I, Page 57. 

649. (B) If a solution containing a residue is obtained, 
filter the mixture, and evaporate a little of the filtrate on a 
water-bath to determine whether any of the substance has 
been dissolved. If no residue is secured upon evaporation, 
the filtrate is discarded. If a residue is obtained upon evapo- 
ration of the filtrate, proceed with the analysis for the Metals 
or Cations, beginning with Table I, Page 57. 

660. The residue, insoluble in Nitric Acid, may contain 
Tin Oxid, SnOj ; Antimony Oxid. SbiOj or SbjOs ; Bismuth Oxid, 
BijOs; Phosphorus Pentoxid, PiOj; and traces of Iron, Lead, 
Copper, etc. Wash the residue with water, add some Potas- 
sium Hydroxid solution to make alkaUne, and then about 
10 Cc. of Potassium Sulphid solution. Heat the mixture for 
some time on a water-bath and then filter. This gives a residue 
and a filtrate. 

651. The residue may contain Bismuth Sulphid, BiiSi; 
Ferrous Sulphid, FeS; Lead Sulphid, PbS; Copper Sulphid, 
CuS, etc. Dissolve this residue in dilute Nitric Acid and 
examine the resulting solution for the Metals or Cations, be- 
ginning with Table I, Page 57. 

662. ThefiltratemaycontainKjSnSs, KaSbSjandKaPO*. 
Dilute this filtrate with water, and add enough Hydrochloric 
Acid to give the mixture an acid reaction. Then filter. The 
precipitate obtained may contain Tin Sulphid, SnSi and 
Antimony Sulphid, SbjSs or SbjSj. The filtrate may contain 
Potassium Dihydrogen Phosphate, KHaPO*, and Potassium 
Chlorid, KCl. 

653. Dissolve the precipitate in concentrated Hydro- 
chloric Acid, boil, dilute with a little water, filter out any 
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precipitated Sulphur, and examine for Tin and Antimony as 
in Table IV, Group 3, Page 93. 

664. Evaporate the filtrate from If 652 to small bulk, 
add an excess of Ammonium Hydroxid, and finally some 
Magnesia Mixture. A white crystalline precipitate of Mag- 
nesium Ammonium Phosphate, MgNH4P04, indicates the 
presence of Phosphorus in the original substance. 
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Acetates, detection of, 165, 166, 
167 
tests for, 163 
Acid, acetic, 18, 163 

arsenic, 147 

arsenious, 147 

boracic, 142 

boric, 142 

carbonic, 145 

chloric, 162 

chloroplatinic (reagent), 18, 21 

chromic, 146 

citric, 149 

ferricyanic, 157 

ferrocyanic, 156 

hydriodic, 153 

hydrobromic, 152 

hydrochloric, 151 

hydrocyanic, 154 

hydroferricyanic, 157 

hydroferrocyanic, 156 

hydrofluoric, 143 

hypochlorous, 159 

hypophosphorous, 160 

metaboric, 142 

metaphosphoric, 142 

nitric, 161 

nitrous, 158 

orthoboric, 142 

orthophosphoric, 140 

oxalic, 147 

phosphoric, 140 

pyroboric, 142 

pyrophosphoric, 141 

silicic, 144 

sulphuric, 138 

sulphurous, 139 

sulphydric, 158 

tartaric, 148 

thiocyanic, 155 

thiosulphuric, 139 



Acids, detection of, 164 
examination for, 182 
groups of, 137 
ionization of, 30, 41 
neutralization of, 42 
precipitated by bariimi chlorid 
(group A), 138 
by neither bariimi chlorid nor 
silver nitrate (group C), 161 
by silver nitrate (group B), 
151 
solutions of, 25 
table for, 174, 175 
Actions, reversible, 43 
Alcohol, 18, 19 
Alkali group, 56, 126 

separation of, 131 
Alkaline earth group, 56, 116 

separation of, 120 
Alloys, analysis of, 184 

table for, 186 
Aluminium, 98 

separation and detection of, 100 
tests for, 98 
Ammonia. See Ammonium. 
Ammonitmi, 129 
acetate solution, 21 
carbonate group, 56, 116 
separation of, 120 
solution, 21 
chlorid, use of, 56, 82, 102, 114, 

122 
hydroxid, group, 95 
separation of, 100 
ionization of, 42 
molybdate solution, 21 
poly-stdphid, 22, 66 
salts, ignition of, 120, 123, 132 
separation and detection of, 131 
sulphid, 21, 66 
tests for, 129 
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Amphoteric compounds, 43 
Analysis for acids or anions, 182 

for metal or alloy, 184 

for metals or cations, 181 

of an imknown, 176 

qualitative, 23 
Anions, 38, 41, 137. See also 

Acids, 
Antimony, 82 

Marsh's test for, 83 

Reinsch's test for, 83 

separation and detection of, 89 

tests for, 83 
Apparatus, 17 
Arsenates, detection of, 169, 172 

test for, 147 
Arsenic, 79 

in arsenic condition, 81 

in arsenious condition, 79 

Marsh's test for, 80 

Reinsch's test for, 80 

separation and detection of, 
89 
Arsenites, detection of, 169, 172 

tests for, 147 

Barium, 116 

chlorid group of acids, 138 

separation and detection of, 120 

tests for, 116 
Bases, detection of, etc. See 
Metals, 

solutions of, 25 
Bead tests, 113, 178 
Bicarbonates, 145 
Bismuth, 69 

oxid, 167 

separation and* detection of, 72 

tests for, 69 
Borates, detection of, 167, 169, 
172 

tests for, 142 
Borax Bead tests, 113, 178 
Bromates, 165, 167 
Bromids, detection of, 165, 168, 
170 

tests for, 152 
Brucin test, 162 



Cadmium, 70 

separation and detection of, 72 

tests for, 70 
Calcium, 117 

separation and detection of, 120 

tests for, 117 
Carbonates, detection of, 165, 166, 
167 

tests for, 145 
Cations, 37, 40, 137. See also 

Metals, 
Chemical actions of ions, 52 

reversible, 43 
Chlorates, detection of, 165, 166 

tests for, 162 
Chlorids, detection of, 165, 168, 170 

tests for, 151 
Chlorin, 21 
Chromates, detection of, 169, 172 

tests for, 146 
Chromium, 97 

separation and detection of, 100, 
172 

tests for, 97 
Citrates, detection of, 165, 166, 
169, 170, 173 

tests for, 149 
Cobalt, 108 

detection, in presence of nickel, 
113 

separation and detection of, 112 

tests for, 108 
Colloidal solution, 24 
Colors imparted to flame, 178 
Common ions, effect of, 48, 49 
Complex ions, 49 
Concentration and ionization, 33, 41 

ionic, 47 

molecular, 45 

of solutions, 25 
Conductors, electrical, 34 
Constant, ionization, 47 
Copper, 67 

separation and detection of, 72 

tests for, 67 
Cyanids, detection of, 165, 167, 
168, 171 

tests for, 154 
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DiCHROMATES, 146 

Dissociation in solution, 30 

degree of, 41 
Double salts, 50 

Dry substance, tests on, 165, 182, 
183 

Electric charges of ions, 36 

amount of, 39 
Electricity, conduction of, 34 
Electrodes, 35, 36, 38 
Electrolysis, 34 
Electrolytes, 34 
Emulsion, 24 
Equilibritun, 46 

constant, 46 
Etching test for fluorids, 144 
Examination for acids or anions, 
164, 182 

for metals or cations, 179 

of an unknown, 176 

preliminary, 178 

Ferric compounds, tests for, 96 
Ferricyanids, detection of, 168, 171 

tests for, 167 
Ferrocyanids, detection of, 168, 171 

tests for, 156 
Ferrous compounds, tests for, 95 

sulphate, 22 
Flame tests, 178 
Fluorids, detection of, 167, 169, 174 

tests for, 143 

Gases, examination of» 178 
Gold, 86 
separation and detection of, 89 
tests for, 86 
Group table of anions, 174 

of cations, 57 
Groups of adds or anions, 137 

not precipitated by either 

reagent, (Group C), 161 
precipitated by bariiun 
chlorid, (Group A), 138 
by silver nitrate, (Group 
B), 161 



Groups of metals, bases or cations, 

65 
no group precipitant, (7), 

126, 131 
precipitated by ammon- 
ium carbonate, (6), 
116, 120 

by ammonium hydrox- 
id, U), 95, 100 

by hydrochloric acid, 
(i), 58, 63 

by hydrogen sulphid, 
(icid, (NH4)sSx, in- 
soluble, ifS), 66, 72 

by hydrogen sulphid, 
acid, (NH4)sSx, sol- 
uble, (5), 79, 89 

by hydrogen sulphid, 
alkaline, (5), 106, 112 

Halogen acids, 143, 151, 152, 153 
Hydrochloric acid group of cations, 
58 
separation of, 63 
Hydrogen sulphid, 21, 158 

acid group of cations — (NH4)f 
Sx, insoluble, 66 
separation of, 72 
-(NH«),Sx. soluble, 79 
separation of, 89 
alkaline group of cations, 106 
separation of, 112 
Hydrolysis, 51 

Hydroxids, ionization of, 30, 41 
neutralization of, 42 
solutions of, 25 
Hypochlorites, detection of, 167 

tests for, 159 
Hypophosphites, detection of, 166 
tests for, 160 

Indigo, 22 

Insoluble substances, analysis of, 

183 
lodates, 165, 167 
lodids, detection of, 165, 168, 170 

tests for, 163 
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Ion, definition of, 33 
Ionic theory, 30 
Ionization, 30 

amphoteric, 42 

and concentration, 32, 41 

degree of, 41 
lonogens, 33 
Ions, chemical action of, 52 

complex, 40 

concentration of, 32, 41 

electric charges of, 36, 39 

nomenclature, 40 

positive and negative, 37 
Iron, 95 

in ferric condition, 96 

in ferrous condition, 95 

separation and detection of, 100, 
180 

tests for, 95, 96 

Lead, 58 

oxid, 167 

separation and detection of, 63 
74 

tests for, 58 
Liquids, analysis of, 178, 179, 182 
Lithium, 129 

separation and detection of, 129 

tests for, 131 
Litmus, 20 

Magnesia mixture, 22, 82 
Magnesium, 127 

separation and detection of, 131 

tests for, 127 
Manganese, 106 

separation and detection of, 112 

tests for, 106 
Marsh's test, 80, 83 
Mass action, 45 
Mercury, 59, 66 

in mercuric condition, 66 

in mercurous condition, 59 

separation and detection of, 63, 
72 

tests for, 59, 66 
Metal, analysis of, 184 



Metals, detection of, 179 
examination for, 179 
groups of, 55 
of group 1, 58 

separation of, 63 
of group 2, 66 

separation of, 72 
of group 3, 79 

separation of, 89 
of group 4, 95 

separation of, 100 
of group 5, 106 

separation of, 112 
of group 6, 116 

separation of, 120 
of group 7, 126 

separation of, 131 
precipitated by ammonium car- 
bonate, 116, 120 
by ammonium hydroxid, 95, 

100 
by hydrochloric acid, 58, 63 
by hydrogen sulphid, acid, 
(NH4) jSx —insoluble, 
66,72 
(NH4)iSx -soluble, 79, 
89 
alkaline, 106. 112 
by no one precipitant, 126, 131 
table for, 57 
Metaphosphates, detection of, 169 

tests for, 142 
Molar solution, 25 

Negative and positive ions, 37 
Nessler's reagent, 22 
Neutralization, 42 
Nickel, 110 

detection in presence of cobalt, 
113 

separation and detection of, 112 

tests for, 110 
Nitrates, detection of, 165, 166, 168 

tests for, 161 
Nitrites, detection of, 165, 166, 167 

tests for, 158 
Nomenclattu-e of ions, 40 
Non-conductors, electrical, 34 
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Odors, 165, 167 

Orthophosphates, detection of, 169, 
173 
tests for, 140 
Oxalates, detection of, 165, 166, 
169, 170 
tests for, 147 
Oxidation and reduction, 53, 54 
Oxids, 167 



Peroxids, 165 

Phosphates, 140, 169, 173. See 

also Orthophosphates. 
Phosphorus in metals and alloys, 

184, 187 
Physical characteristics of solu- 
tions, 24 
Platinic chlorid. See Chhropta- 

tinic acid. 
Platinum, 87 

separation and detection of, 89 

tests for, 87 
Positive and negative ions, 37 
Potassium, 126 

mercuric iodid, 22 

pyroantimoniate, 22 

separation and detection of, 131 

tests for, 126 
Preliminary examination, 178 
Prussian blue, 96, 97, 171 
Prussic acid, 154, 165, 167, 168, 171 
Purple of cassius, 87 
Pyroborates. See Borates, 
Pyrophosphates, detection of, 169, 
173 

tests for, 141 

Qualitative anal3rsis, 23 



Reactions or tests, 23 

reversible, 43 
Reagents, 18 

Reduction and oxidation, 53, 54 
Reinsch's test, 80, 82, 83 
Report forms, 177 
Reversible actions, 43 

13 



Salts, double, 50 
hydrolysis of, 51 

of strong acids and strong 
bases, 52 
and weak bases, 51 
of weak acids and strong bases, 
51 
and weak bases, 51 
ionization of, 30 
solubility table, facing page 182 
solutions of, 25 
Saturated solutions, 25 
Separation of adds or anions, 164 
of metals of group 1, 63 
of group 2, 72 
of group 3, 89 
of group 4, 100 

in presence of phosphates, 
etc., 103 
of group 5, 112 
of group 6, 120 
of group 7, 131 
or alloys, 184 
SiHca, 144 
Silicates, detection of, 167 

tests for, 144 
Silver, 61 
separation and detection of, 63 
tests for, 61 
Sodium, 127 

cobaltic nitrite, 22 
separation and detection of, 131 
tests for, 127 
Solids, analysis of, 176, 178, 180, 
183 
insoluble, 183 
Solubility product, 47 

table, facing page 182 
Solute, 25 

Solutions, analysis of, 176, 178, 
179, 182 
boiling points of, 30 
colloidal, 24 
concentration of, 25 
definition of, 24 
freezing points of, 29 
molar, 25 
of acids, bases, and salts, 25 



194 



INDEX 



Solutions of bases, 25 

of insoluble substances, 183 

of salts, 25 

osmotic pressure of, 27 

properties of, 25 

saturated, 25 

vapor tension of, 28 
Solvent, 25 
Stannic compounds, 85 

oxid, 168 

separation and detection of, 89 

tests for, 85 
Stannous chlorid, 23 

compounds, 84 

separation and detection of, 89 

tests for, 84 
Starch paste, 23 
Strontium, 118 

separation and detection of, 120 

tests for, 118 
Sulphates, detection of, 165, 169, 
170, 174 

tests for, 138 
Sulphids, detection of, 165, 167, 

168, 172 
tests for, 158 

Sulphites, detection of, 165, 167, 

169, 174 
tests for, 139 

Sulphocyanates. See Thiocyanates, 
Suspension, 24 

Tables, acids or anions, 174 
group 1, 64 
group 2, 77 



Tables, group 3, 93 

group 4, 104 

group 5, 114 

group 6, 124 

group 7, 135 

groups of metals or cations, 57 

metal or alloy, 186 

solubility, facing page 182 
Tartrates, detection of, 165, 166, 
169, 173 

tests for, 148 
Tests, 23 

Th^nard's blue, 99 
Thiocyanates, detection of, 168, 
171 

tests for, 155 
Thiosulphates, detection of, 165, 
167, 169, 174 

tests for, 139 
Tin, 84 

in stannic condition, 85 

in stannous condition, 84 

separation and detection of, 89 

tests for, 84, 85 
Tumbull's blue, 96, 171 

Unknowns, analysis of, 176 
report form for, 177 

Wbak adds and bases, salts of, 51 

Zinc, 107 
oxid, 167 

separation and detection of, 112 
tests for, 107 
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index, $5.50 net. Published October, 1917 

The American Illustrated Medical Dictionary defines hundreds of terms not 
defined in any other dictionary — ^bar none. It gives the capitalization and pro- 
nunciation of all words. It makes a feature of the derivation or etymology of the 
words. Every word has a separate paragraph, thus making it easy to find a 
word quickly. The tables of arteries, muscles, nerves, veins, etc., are of the 
greatest help in assembling anatomic facts. Every word is given its definition — a 
definition that defines in the fewest possible words. 

Howard A, Kelly • M. D., Johns Hopkins University, Baltimore. 

" The American Illustrated Dictionary is admirable. It is so well gotten up and of such 
convenient size. No errors have been found in my use of it." 

Owen's Treatment of Emergencies 

The Treatment of Emergencies. By Hubley R. Owen, M. D., 
Surgeon to the Philadelphia General Hospital. i2mo of 350 pages, 

with 249 illustrations. Cloth, $2.00 net Published June, 1917 

Dr. Owen's book is a complete treatment of emergencies. It gives you not 
only the actual technic of the procedures, but, what is equally important, the un- 
derlying principles of the treatments, and the reason why a particular method is 
advised. You get treatments of fractures, of contusions, of wounds. Particularly 
strong is the chapter on gun-shot wounds, which gives the new treatments that the 
great European War has developed. You get the principles of hemorrhage, to- 
gether with its constitutional and local treatments. You get chapters on sprains, 
strains, dislocations, burns, sunburn, chilblain, asphyxiation, convulsions, hysteria, 
apoplexy, exhaustion, opium poisoning, uremia, electric shock, bandages, and 
a complete discussion of artificial respiration, including mechanical devices. 



Kerley's Pediatrics 



I 



Practice of Pediatrics. By Charles Gilmore Kerley, M. D., 
I Professor of Diseases of Children, New York Polyclinic Medical School 

I and Hospital. Octavo of 913 pages, illustrated. Cloth, $6.50 net. 

Publiihcd Januuy, 19IS 

SECOND EDITION 

This work is not a cut-and -dried treatise — but the practice of pediatrics, ^ving 
fhllest attentioD to diagnosis and Ireatmenl. The chapters on the newborn and its 
diseases, the feeding and growth of [he baby, the care of the mother's breasts,, 
artificial feeding, milk modification and sterilization, diet for older children — from 
a monograph of 125 pages. Then are discussed in detail every disease of child- 
hood, telling just what measures should be instituted, what drugs given, 60 valu- 
able prescriptions being included. The chapter on vaccina therapy is right down to 
the minute, including every new method of proved value— with the exact technic. 
There is an excellent chapter on Gymnastic Therapeutics. Another feature con- 
sists of the i6s illustrative cases — case teaching (rf the most practical sort. 
Dr. A. D, Blackkder, McGill Univirsity. Montreal 

Ir. Kerley is a pediatrician of large experience wlio thinks far himself a.Qd is never eoB- 
aocepl. withoul testing, the eitperieneea or statements of previous writers. His book haa 
my definiie value." 



Handler's The Expectant Mother 

Published Auguat, 1016 

This is decidedly a book for the woman preparing for childbirth. It has 
chapters on menstruation, nourishment of mother during pregnancy, nausea, 
care of breasts, examination of urine, preparations for labor, care of mother and 
child after delivery, twilight sleep, and dozens of other matters of great interest 
to the expectant mother. 

umoodijpai'K.niiBtniKcl. By S. Wyius Bahdlbi, M. D., ProfesMrof Diseasei of Wom™, N« 
York Post-Craduiu Medical Scbool and Hospital. Cloth, (i.i; net. 

Winslow's Prevention of Disease 

Published NoTembci, lOltt 

TJiis book is a practical guide for the layman, giving him briefly the means 
to avoid the various diseases described. The chapters on diet, exercise, tea, 
coffee, and alcohol are of special interest, as is that on the prevention of cancer. 
There are chapters on the preveiition of malaria, colds, constipation, obesity, 
nervous disorders, tuberculosis, etc. The work is a record of twenty-tive 
years' active practice. 

lino of 348 paga, iiiUBtnUed. By Kekilu Wisslow. M. D., fonntiiy AisUtonl Proteaot of C.m- 
puative ThcTiipeuIics, Harvud Univenity. Cloih. ti.-s net. 

Kerr's Diagnostics o£ Children's Diseases 

Dr. Kerr's work is written absolutely for the general practitioner — to aid him 

a diagnosing disease in his child patients. He approaches his subjecl as the 

t child is approached in the sick-room. It is strictly j clinical mirk— a first aid 

, in the diagnosis of disease in children. Published Febnuiy, 1907 

Ocuvo o( 341 pages, illustmled. By Le Gka™ Kesb, M. D., Professor of Dismses of Children in the 
■ - -■ ■ " ■■■n. Cloth, Is.oo nei. 



Ocuvo ol 341 pages, illustnted. 
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Hill and Gerstley's Infant Feedin|( 

Clinical Lectures in Infant Feeding. By Lewis Wesb Hill, 
M. D., Alumni Assistant in Pediatrics, Harvard Medical School, and 
Jesse R. Gerstley, M. D., Instructor in Pediatrics, Northwestern 
University Medical School. 1 2mo of 377 pages, illustrated. Cloth, 

$2.75 net. Published October, 1917 

In these clinics you are given the full details of the Boston method of infant 
feeding as developed by Dr. Rotch, and of the Chicago method. You are given the 
theory, use in both normal and abnormal cases, exact quantities and percentages, 
and concrete clinical examples. The book is equivalent to a postgraduate course 
in infant feeding. It brings these two systems right to your door. 

Abt's Preparation of Infants' Foods 

The Preparation of Infants' Foods. By Isaac A. Abt, M. D., 
Professor of Diseases of Children, Northwestern University Medical 

School. I2m0 of 143 pages. Cloth, $1.25 net. Published July, 1917 

This is a practical guide for infant feeding, giving to young mothers, nurses, and 
caretakers minute directions on the preparation of food for infants and young 
children. You get weights and measures; the mineral constituents and caloric 
values of foods. You get such practical material as diet-lists for constipation in 
older children, an outline of a plan for feeding babies, care of nipples and bottles, 
etc., and a great host of recipes for beverages of all kinds, milk preparations, soups 
and broths, puddings and cereal preparations, custards, eggs, vegetables, fruits, 
meats, sea foods, and breads. 

Aikens' Home Nurse's Hand-Book Pubushf/S^M? 

Home Nurse's Hand-Book. By Charlotte A. Aikens. i2mo of 
303 pages, illustrated. Cloth, $1.50 net. 

The point about this work is this: It tells you and shows you just how to do those 
little but important things often omitted from other nursing books. "Home Treat- 
ments" and "Points to be Remembered"— terse, crisp reminders — stand out as par- 
ticularly practical. Just the book for those who have the home-care of the sick. 

Galbraith's Personal Hygiene for Women ^l^J^L 

Personal Hygiene and Physical Training for Women. By 
Anna M. Galbraith, M. D. i2mo of 393 pages, with original illus- 
trations. Cloth, $2.25 net. PubUshed January, 1917 

" It contains just the sort of information which is very greatly needed by the weaker 
sex. Its illustrations are excellent." — Dietetic and Hygienic Gazette, 

•s Four Epochs of Woman's Life ^^l^^^l 

The Four Epochs of Woman's Life. By Anna M. Galbraith, 
M.D. With an Introductory Note by John H. Musser, M.D., Uni- 
versity of Pennsylvania. i2mo of 296 pages. Cloth, $1.50 net. 

" We do not as a rule care for medical books written for the instruction of the public ; 
but we must admit that the advice in Dr. Galbraith's work ic.in the main, wise and Whole- 
some."— BtmtwgAam Medical Reiiew. Published March. 1917 
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Griffith's Care of the Baby 

The Care of the Baby. By J. P. Crozer Griffith, M. D., Professor 
of Pediatrics in the University of Pennsylvania. i2mo of 455 pages, 
illustrated. Cloth, $1.50 net. 

SIXTH EDITION— publwhed June, 1915 

The author has endeavored to furnish a. reliable guide for mothers. He has 
made his statements plain and easily understood, so thai the volume will be ui 
service to mothers and nurses. 

New York MnUcb] Journal 



Grulee's Inf&nt Feeding 

Infant Feeding. By Clifford G. Gkulee, M. D., Assistant Pro- 
fessor of Pediatrics at Rush Medical College. Octavo 01 326 pages, iilus- 
' trated, including 8 in colors. Cloth, $3.25 net, 

THIRD EDITION— Publiihed September. 1917 

Dr. Grulee tells you how to feed the infant. He tells you — and shows by clear 

List rations— the technic of giving the child the breast. Then artificial feeding is 

fiioughtfuUy presented, including a number of simple formulas. The colored illus- 

1 traiions showing the actual shapes and appearances of stools are extremely 

I valuable. 



Ruhrah's Diseases of Children 

A Manual of Diseases of Children, By John Ruhrah. M. D., 
' Professor of Diseases of Children, College of Physicians and Surgeona, 
Baltimore. i2tno of 552 pages, fully illustrated. Flexible leather, 
$2.7; net. 

FOURTH EDITION— publiihed September. 19U 

In revising this work for the fourth edition Dr. RuhrSh has carefully in- 
t corporated all the latest knowledge on the subject. All the important facts are 
L given concisely and explicitly, the therapeutics of infancy and childhood being 
L outlined very carefully and clearly. There are also directions for dosage and 
f prescribing, and many useful prescriptions are included. 

k American Journal of the Medical Sdencei 

'■Treatmcnl has been satislactorilv covered, bdng quite in accord with the best teaching, 
I yet wilhal broadly general and free from stock prcsciipiions." 
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Keefer's Military Hygiene 

Military Hygiene and Sanitation. By Lieut.-Col. Frank R, 
Keeper, Professor of Military Hygiene, United States Military Academy, 
West Point. i2mo of 305 pages, illustrated. Cloth, jli.50 net. 

Published July. 1914 

This is a concise, though complete text-book on this subject, containing 
chapters on the care of troops, recruits and recruiting, personal hygiene, physical 
training, preventable diseases, clothing, equipment, water-supply, foods and their 
preparation, hygiene and sanitation of posts and barracks, the troopship, hygiene 
and sanitation of marches, camps, and battlefields, disposal of wastes, tropical and 
arctic service, venereal diseases, alcohol and other narcotics, and a glossary. 



Bergey's Hygiene 

The Principles of Hyg^lene: A Practical Manual for Students, 
Physicians, and Health Officers. 'By D. H. Bergey, A. M., M. D., 
Assistant Professor of Bacteriology in the University of Pennsylvania. 
Octavo volume of 543 pages, illustrated. Cloth, $3.50 net. 

SIXTH EDITION— PublUhed February. 1918 

This book is intended to meet the needs of students of medicine in the 
acquirement of a knowledge of those principles upon which modern hygienic 
practises are based, and to aid physicians and health officers in familiarizing 
themselves with the advances made in hygiene and sanitation in recent years. 
This fifth edition has been very carefully revised, and much new matter 
added, so as to include the most recent advancements. 

Buffalo Medical Journal 

•' It will be found of value to the practitioner of medicine and the practical sanitarian ; and 
students of architecture, who need to consider problems of heating, lighting, ventilation, watex 
supply, and sewage disposal, may consult it with profit." 

Pyle's Personal Hygiene ^ew (7th) Edition— August. 1917 

A Manual of Personal Hygiene : Proper Living upon a Physiologic 
Basis. By Eminent Specialists. Edited by Walter L. Pyle, A. M., 
M. D., Assistant Surgeon to Wills Eye Hospital, Philadelphia. Octavo 
volume of 555 pages, fully illustrated. Cloth, $i,7S net. 

The book has been thoroughly revised for this new edition, and a new chapter on 
Food Adulteration by Dr. Harvey W. Wiley added. There are important chapters 
on Domestic Hygiene and Home Gymnastics, Hydrotherapy, Mechanotherapy, and 
First Aid Measures. 

" The work has been excellently done, there is no undue repetition, and the writers 
have succeeded unusually well in presenting facts of practical significance based on sound 
knowledge." — Boston Medical and Surgical Journal, 



LEGAL MEDICINE 



Bohm and Painter's Massage 

Ma5sas:e. By Max Bohm, M. D., of Berlin, Germany. Edited, with an 
Introduction, by Charles F. Painter, M, D., Professor of Orthopedic Sur- 
gery at Tufts College Medical School, Boston. Octavo of 91 pages, with 97 
practical illustrations. PubUshed June, 1913 Cloth , $1.75 net. 

Golebiewski and Bailey's Accident Diseases 

Atlas and Epitome of Diseases Caused by Accidents. By Dr. Ed. 

Golebiewski, of Berlin. Edited, with additions, by Pearce Bailey, M. D., 
Consulting Neurologist to St. Luke's Hospital, New York. * With 71 colored 
illustrations on 40 plates, 143 text illustrations, and 549 pages of text. Cloth, 
I4.00 net. In Saunders' Hand-Atlas Series. PubUshed 1901 

Hofmann and Peterson's Le^al Medicine HMid-Atiases 

Atlas of Legal Medicine. By Dr. E. von Hofmann, of Vienna. 
Edited by Frederick Peterson, M. D., Professor of Psychiatry in the 
College of Physicians and Surgeons, New York. With 120 colored figures 
and 193 half-tone illustrations. Cloth, $3.50 net. Published April, 1898 

Jakob and Fisher's Nervous System ^'SiSi 

Atlas and Epitome of the Nervous System and Its Diseases. By 

Professor Dr. Chr. Jakob, of Erlangen. Edited, with additions, by Ed- 
ward D. Fisher, M. D., University and Bellevue Hospital Medical College. 
With 83 plates and copious text. Cloth, $3. 50 net. Published i90i 

Spear's Nervous Diseases pubushed November. 1916 

A Manual of Nervous Diseases. By Irving J. Spear, M. D,. Professor 
of Neurology at the University of Maryland, Baltimore. i2mo of 660 pages» 
illustrated. Cloth, $3.00 net. 

This is a comprehensive digest, supplying the means to a clear understanding of 
neurology, and robbing that subject of much of its difficulty. You are given, first, 
a brief description of the practical anatomy and physiology, with those facts and 
theories that bear on the mechanism of organic nervous diseases. Then pathology 
is given, the simpler diseases being considered first, gradually preparing the reader 
to grasp the more difficult ones. The descriptions are clear and brief, dijferential 
diagnoses and treatments being brought out very definitely. Only the most recent 
accepted facts have been considered. For the treatments recommended, no special 
apparatus is required beyond a galvanic and faradic battery; they demand no 
special training, and they are easily remembered. 



lo SAUNDERS' BOOKS ON CHILDREN 



American Pocket Dictionary New (loth) Edition 

American Pocket Medical Dictionary. Edited by W. A. New- 
man Borland, M. D., Editor ** American Illustrated Medical Dic- 
tionary/' Containing the pronunciation and definition of the principal 
words used in medicine and kindred sciences, with 75 extensive tables. 
With 707 pages. Flexible leather, with gold edges, %\,2^ net; with 

patent thumb index, $1.50 net. Published October, 1917 

"I can recommend it to our students without reserve."— J. H. Holland, M. D., 
Dean of the Jefferson Medical College^ Philadelphia. 

Morrovr's Immediate Care of Injured Third Eduum 

Immediate Care of the Injured. By Albert S. Morrow, M. D., 
Clinical Professor of Surgery at the New York Polyclinic. Octavo of 356 
pages, with 242 illustrations. Cloth, J2.75 net. PubUshed November, 1917 

Dr. Morrow's book on emergency procedures is written in a definite and decisive style, 
the reader being told just what to do in every emergency. It is a practical book for every 
day use, and the large number of excellent illustrations can not but make the treatment to 
be pursued in any case clear and intelligible. Physicians and nurses will find it indispensible. 

Shaw on Nervous Diseases and Insanity rifth edition 

Essentials of Nervous Diseases and Insanity: Their Symptoms 
and Treatment. A Manual for Students and Practitioners. By the late 
John C. Shaw, M. D., Clinical Professor of Diseases of the Mind and 
Nervous System, Long Island College Hospital, New York. i2mo of 
204 pages, illustrated. Cloth, 1^1.25 net. In Saunders^ Question- Com- 

pend Series. Published October. 19U 

•• Clearly and intelligently written ; we have noted few inaccuracies and several sug- 
gestive points. Some affections unmentioned in many of the large text-books are noted.' 
— Boston Medical and Surgical Journal, 

Brady's Personal Health pubhshed September, 1916 

Personal Health: A Doctor Book for Discriminating People. By 
William Brady, M.D., Elmira, N. Y. i2mo of 406 pages. Cloth, $1.50 net. 

Hecker, Trumpp, and Abt on Children 

Atlas and Epitome of Diseases of Children. By Dr. R. Hecker 
and Dr. J. Trumpp, of Munich. Edited, with additions, by Isaac A. 
Abt, M.D., Assistant Professor of Diseases of Children, Rush Medical 
College, Chicago. With 48 colored plates, 144 text-cuts, and 453 pages 

of text. Cloth, $5.00 net. Published April, J907 

The many excellent lithographic plates represent cases seen in the authors' clinics, and 
have been selected with great care, keeping constantly in mind the practical needs of the 
general practitioner. These beautiful pictures are so true to nature that their study is 
equivalent to actual clinical observation. The editor, Dr. Isaac A. Abt, has added all new 
methods of treatment. 



